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ABSTRACT
The primary productivity of Quake Lake, on the Madison River near 
West Yellowstone, Montana, in relation to the inorganic nutrients and 
physical environment was measured and studied during the summer of 1965. 
Samples were taken at one permanent lake station and at 3 other river or 
creek stations.
Temperature and conductance in Quake Lake are described in relation 
to the seasonal and spacial distribution of heat and electrolytes. The 
effects of thermal and electrolyte stratification in relation to primary 
and secondary productivity in the lake are discussed.
Under average conditions, total light penetrated to an average depth 
of 7 meters in Quake Lake. Using blue, green and red color filters, the 
light penetrated to average depths of 3, 6 and 5 meters respectively. 
Calculated extinction coefficients are given for each sampling date.
Discharge rates for the Madison River are presented and related to 
the fluctuation of factors affecting primary and secondary productivity. 
Calculated retention periods for the water remaining in the epilimnion of 
the lake are presented.
Quake Lake is primarily a sodium chloride-sulfate lake. Phosphate 
concentration is shown to be statistically significant when related to net 
productivity and to chlorophyll concentration. Adequate oxygen was noted
at all depths in Quake Lake for the entire summer period.
The phytoplankton species accounting for the largest volume in Quake
Lake was Cryptomonas ovata with an average volume of 2.53 mm^/l for the
summer period. Euqlena sp. and Rhodomonas lacustris accounted for the 
second and third largest average volumes with 0.95 and 0.88 mm^/l respec­
tively. Fluctuations in chlorophyll concentration in relation to phos­
phate and nitrate concentrations are discussed.
Primary productivity in Quake Lake is discussed in relation to the 
major physical and chemical factors which influenced it. Net photosyn­
thesis ranged from 1.631 to 0,139 gm C/m^/day and appeared to be dependent 
on the phosphate concentration.
Daphnia qaleata mendotae and Daphnia schodleri were the major con­
tributors to the zooplankton population with total numbers per liter for 
the summer of 41.01 and 24.43 respectively. The possible interactions 
between zooplankton and phytoplankton populations are discussed.
Correlation coefficients for each pair of variables discussed and 
partial correlation coefficients for each significant or near-significant 
correlation coefficient are presented. A significance level of 1% was 
reached for the correlations between phosphate and chlorophyll 
concentrations.
INTRODUCTION
During the summer of 1965, a study was conducted on Quake Lake, 
Montana to determine the primary productivity of the lake in relation to 
the physical and chemical factors influencing the system.
Quake Lake, (originally known as "Earthquake Lake") is located about 
30 miles northwest of West Yellowstone, Montana, and is the second in a 
series of impoundments on the Madison River, (Figure l). The lake is in 
Madison County at long 111° 25' and lat 44° 50' and is contained in T. 11
S. and in R. 3 E. plus sections 35 and 36 of R. 2 E., (Butte Meridian).
Quake Lake was created on August 17, 1959, by an earthquake-caused 
landslide. Approximately 80 millions tons of rock, with timber and other 
materials (Christopherson, 1960), slid off a mountain side into the 
Madison River Canyon, blocking the canyon and causing the Madison River to 
back up behind the earth-fill for a distance of more than 5 miles. Be­
cause of the fear of the fill rupturing due to the pressure exerted upon 
it, the Army Corps of Engineers cut a channel through the slide. The 
completion of the cutting of this channel in October of 1959 lowered the 
water in the lake to its present level. The original depth of the lake 
(73 meters) as shown by the line of dead trees and the depth of the lake
at the time of sampling (60 meters) can be seen in Figure 2. Quake Lake,
therefore, has top withdrawal through the channel in the slide. During 
the summer of 1965, when the sampling for this study took place, the lake 
was approximately 4.54 miles long (7300 meters) and had a mean width of 
approximately 0.27 miles (434 meters). The depth of the lake near the dam 
has been estimated at about 197 feet (60 meters) and the depth of the
Q uake 
Lake >
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, Lake
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Fig, 1 Upper Madison River system showing location of Quake Lake.
i I
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Fig. 2 Photograph of Quake Lake showing original and present levels.
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sampling station on the lake (station 1) was 95 feet (29 meters). The 
surface area of the lake was approximately 1.22 square miles (3.17 x 10^ 
square meters).
These values varied somewhat throughout the summer depending on the 
outflow from Hebgen Lake. However, since the outflow from Quake Lake was 
not regulated in any way, the over-all level of Quake Lake did not change 
appreciably over the summer period. As will be shown in the results, the 
fluctuation of the inflow into Quake Lake and the fact that the lake has 
top withdrawal, did affect both primary and secondary productivity.
Since the level of the lake did not fluctuate appreciably, there were 
some benthic and littoral plants around the edge of the lake. Only 
planktonic organisms are considered in this study.
METHODS
Water Samples
Water samples were taken slightly after sunrise from the surface of 
the lake and at one meter intervals to a depth of eight meters. Samples 
were then taken at five meter intervals from the eight meter depth to the 
bottom of the lake, A three liter Van Doren water bottle was used to 
obtain the water samples. From each sample a one liter volume was taken 
to be used for chemical and chlorophyll analysis, 125 milliliters were 
preserved with Lugol's solution for phytoplankton counts, and 250 milli­
liters were drawn into glass-stoppered Pyrex bottles for initial oxygen 
analysis. Also, light and dark bottles were filled with water taken at 
one meter intervals from depths of zero to eight meters for productivity 
analysis.
Temperature and Conductivity
Vertical profiles of temperature and conductivity were made weekly at 
one meter intervals from the surface of the lake to the bottom. Simul­
taneous temperature and conductivity measurements were made by lowering a 
conductivity cell with an attached glass thermister into the lake. The 
electrical resistance across the two sensors was measured with a battery 
operated Industrial Instruments Conductivity Bridge,
A Bureau of Standards calibrated thermometer was used to establish 
an experimental calibration curve and the resistance of the thermister 
bead was converted to Centigrade temperature using this experimentally 
determined calibration curve. Specific conductance at 25° C was computed 
from the observed resistance of the water according to the method de­
scribed by the American Public Health Association (APHA, 1965)°
- 6 -
Light
The measurement of light intensity in the lake was accomplished by 
taking vertical profiles of light attenuation at one meter intervals using 
a submarine photometer» The photometer consists of a Weston, model 856, 
selenium photocell which is activated by wave lengths of 400 to 700 mu» 
According to Forti (1965), wave lengths included in this portion of the 
spectrum are important in the photosynthetic electron transport system» 
Light measured with a selenium photocell has limits (400-700 mu) which 
embrace closely the Photosynthetically Active Light, and could be termed 
"Total Visible Light" (Edmondson, 1956). Light intensity was measured in 
the lake from the surface to that depth at which the current produced by
the photocell was less than 1 microamp.
In addition to the vertical profile of total light, vertical profiles 
of light attenuation were taken at one meter intervals using the following 
filters: (a) blue - maximum transmission at approximately 450 mu,
(b) green - maximum transmission at approximately 550 mu, and (c) red -
maximum transmission at approximately 650 mu.
The "vertical extinction coefficient" (Hutchinson, 1957), was calcu­
lated for that column of water from the surface to a depth where the light 
measured was less than 1% of the total light incident to the surface»
Light measurements were taken slightly before noon on each sampling date» 
Discharge Data
Discharge data from Hebgen Lake were obtained from the United States 
Geological Survey in Helena, Montana, The data were recorded at a gaging 
station which is located on the Madison River just below Hebgen Dam near
— 7 —
station 4 (Figure 3).
Water Chemistry
Sodium, potassium, calcium and magnesium were analyzed using the 
Beckman Atomic Absorption Flame Spectrophotometer. Silica as Si02> total 
iron, soluble inorganic phosphate, chloride, sulfate, calcium, magnesium, 
boron, fluoride, manganese, and total alkalinity were determined using 
either colorimetric analysis or titrimetric procedures outlined by the 
American Public Health Association (APHA, 1965). Optical densities of 
the solutions for colorimetric analysis were determined either with a 
Bausch and Lomb "Spectronic 20” or a Klett-Summerson colorimeter.
The pH of each sample was determined with a Beckman expanded scale 
pH metero The pH meter was thermally compensated and was standardized 
before each use with two buffers to bracket the range of pH expected.
Nitrate determinations were made according to the nitrate to nitrite 
reduction method of Mullin and Riley (Barnes, 1962).
The method used for dissolved oxygen was the Alsterberg modification 
of the Winkler technique (APHA, 1965). Water samples for the determina­
tion of dissolved oxygen were carefully drawn from the water bottle into 
separate 250 ml glass-stopped Pyrex bottles. The samples were unfiltered 
and were fixed immediately upon collection. The samples were refriger­
ated and titrations for oxygen content were made from 2-6 hours after 
collection.
Total alkalinity, pH, nitrate, and phosphate determinations were 
made within 2-6 hours after field collection and the rest of the deter-
B eover Cr. Cabin Cr.
4  H ebgen Dam
R ock Cr.
Quoke Lake
lodison
R i v e r
f j S l i d e
s c a le  1 :6 2 ,5 0 0
I
CD
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Fig. 3 Quake Lake, showing sampling stations.
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minations were made within 48 hours of collection.
The complete chemical analysis as described above was made weekly
with the exception of sodium, potassium, magnesium, calcium, iron, boron, 
fluoride, silica and manganese which were determined every other week. 
Phytoplankton and Standing Crop Measurements
Phytoplankton samples were collected at the time of field collection 
of the water sampleSo The samples were collected at each depth from the 
surface to 8 meters and preserved with approximately 1 milliliter of 
Lugol* s solution. Upon return to the laboratory, a composite sample was 
made from 10 ml of sample from each depth from the surface to eight meters «
From this composite sample, a 10 ml settling chamber was filled and after
a 24 hour settling period, the sample was counted on a Zeiss inverted 
microscope. The phytoplankters were separated to species as much as 
possible and the total number and size of each was recorded. From the 
data collected, either the cell volume or the cell surface area can be 
calculated. For the purposes of this study, cell volumes were used,
Phytoplankton samples were also collected from the 8 meter depth to 
the bottom of the lake at 5 meter intervals (station l). Phytoplankton 
samples were also collected and preserved from the other three stations 
shown in Figure 3,
Chlorophyll
Chlorophyll concentration was measured by Millipore* filtering (0,8
micron pore size) the water sample taken for water chemistry. This fil-
terinq removed all the trypton and seston from the water sample. The 
*Registered Trademark, Millipore Filter Corporation, Bedford, 
Massachusetts,
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volume of water that passed through each filter was recorded. Each filter 
was then dissolved in 5 ml of 90% acetone and allowed to stand in a dark 
refrigerated area (O-IO C) for approximately 24 hours. After the extrac­
tion had occurred, the 5 ml of solution were centrifuged to remove the 
particulate matter and the supernatant measured photometrically using a 
l/2" test tube on a Bausch and Lomb Spectronic 20 Spectrophotometer at 665 
mu. A 5 ml aliquot of 90% acetone was used to standardize the instrument. 
The milligrams of chlorophyll "a" per litter were calculated according to 
Odum et al. (1958), Absorbance values determined on the Beckman Model DU 
Spectrophotometer and units of chlorophyll determined on the Klett- 
Summerson Colorimeter (filter #66) were converted to chlorophyll "a" per 
liter using the methods of Richards and Thompson (1952) and Wright (1959) 
respectively.
Primary Productivity
Primary productivity was measured using the light and dark bottle 
method described by Ryther (1956). Initial oxygen samples were obtained 
and fixed using the Winkler method before any oxygen production would be 
expected to have occurred in the lake. Initial oxygen samples were 
obtained at the surface and at one meter intervals down to and including 
eight meters. Water from each of these depths was also used to fill both 
a light and dark bottle, with care being taken to exclude any air bubbles 
upon filling. These light and dark bottles were suspended in the lake at 
the same depth at which the water was obtained. At the end of eight 
hours, the light and dark bottles were removed from the lake, fixed
- 11 -
by the Winkler method, and titrated for oxygen concentration within 2 
hours of collection. The difference between the light bottle production 
and the initial oxygen concentration was used as a measure of net pro­
duction. A photosynthetic quotient of 1.00 was used to convert the oxygen 
concentrations to units of carbon.
Zooplankton Standing Crop
Zooplankton samples were collected from the lake station weekly by 
making an oblique tow with a Clark-Bumpus plankton sampler from the 
bottom of the lake to the surface. A #10 plankton net was used and the 
collection was preserved in the field using 95% ethanol.
Upon returning to the laboratory, the total volume of the sample was 
measured and upon uniformly suspending the organisms in the sample by 
shaking, 1 ml aliquots were removed and placed in a Sedgewick-Rafter 
counting cell. A 30X binocular microscope, equipped with a Whipple mi­
crometer disk, was used to count and measure each zooplankter in the 
aliquot. The number of loose eggs per aliquot and the clutch size of egg 
bearing individuals were also counted. Successive 1 ml aliquots from the 
same sample were examined until 100 individuals of the most common species 
had been counted or measured. In several cases, the entire sample had to 
be counted before 100 zooplankters could be found. From the above data, 
the population density of each species (number per liter) was determined 
for each sample.
Correlation Coefficients
Correlation coefficients were calculated according to Crabtree (1962) 
for each pair of variables discussed in the next section. Partial
“ 12 -
correlation coefficients were calculated according to Simpson et al » 
(i960) and Snedecor (1950) for the 12 sets of variables reported in the 
Partial Correlation Table in the Results, Significance levels as set up 
by Snedecor (1950) were used to determine whether the correlations 
suggested were significant or not. A listing of the calculated 
correlation coefficients and partial correlation coefficients for each 
pair of variables will be reported in the results.
The measurements described in the above section were taken at each 
of the 4 stations with the exception of light, conductivity, zooplankton 
and oxygen measurements which were taken only at station 1, the lake 
station.
RESULTS
Temperature and Conductivity
The temperature data indicated that Quake Lake is stratified into 
thermal zones, with the thermocline (metalimnion) between 7 and 15 meters. 
The body of water above 7 meters (the Madison River, 0-7 meters) composed 
the epilimnion and the remainder of the lake, below 15 meters, is the 
hypolimniono The epilimnion and the euphotic zone of Quake Lake are, for 
all practical purposes, the same. The surface layer of water had a
temperature of 15,0 C for the largest part of the summer and the water in 
the basin below the surface layer had temperatures ranging from 8,0 to 
4,5 C (Figure 4),
Conductivity measurements can be used to estimate total dissolved 
salts in a body of water and, as a result, the conductivity profile of a 
lake or reservoir can be used to show distinct water masses over periods 
of time. Figure 5 represents the conductivity profile of Quake Lake for 
the summer of 1965, As can be noted from Figure 5, the lake for the 
greater part of the summer, consisted of two fairly distinct bodies of 
water, a dense basin of water covered by a less dense river of water. 
During late May and early June, these bodies of water were separated at 
approximately 15 meters, the more concentrated body of water being found 
from 15 meters to the bottom of the lake at 29 meters.
However, by the end of June, a fairly distinct body of water was 
distinguishable between 7 and 16 meters while below 16 meters a more 
concentrated body of water was noted with the same, or approximately the 
same, conductivity as was found in the upper layers of the lake earlier
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Fig, 4 Temperature profile (isotherms, ®C) for Station 1 in Quake Lake, 
Summer, 1965.
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Fig. 5 Conductivity profile (Isobars, micromhos) for Station 1 in 
Quake Lake, Summer, 1965.
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in the summerc This dense "layer" of water between 7 and 16 meters 
appears to have been stationary in the lake for about 9 weeks. The upper 
layer of water, from 0 to 7 meters, even though it has a slightly higher 
conductivity than the water immediately below it, was less dense due to 
its warmer temperature (Figures 4 and 5). Therefore, from Figures 4 and 
5, it appears that Quake Lake, for the largest part of the summer of 1965, 
consisted of a basin of cold, dense water (7-29 meters) with a "river" of 
less dense, warmer water (0-7 meters) "flowing" over the top of it. The 
Madison River, even though cold when withdrawn from the lower depths of 
Hebgen Lake, warmed up on its journey to Quake Lake and, since Quake Lake 
has top withdrawal, water "flowed" over the top of the basin of more dense, 
colder water described above. The layer of water from 0 to 7 meters then 
is, for all practical purposes, the Madison River, and the average amount 
of time it took to flow over Quake Lake depended on the rate of discharge 
through Hebgen Dam. This rate of discharge from Hebgen Lake and the 
average amount of time the water remained in the upper 7 meters of Quake 
Lake are presented in the section on discharge.
Light
Light intensities observed on Quake Lake were somewhat erratic, since 
for the greater part of the sampling periods, cloud cover was evident. 
Often the cloud cover was broken which was the cause of the very erratic 
light readings. The light readings obtained over the period of the summer 
both with and without color filters, are given in the Appendix QTabJe XVI). 
Extinction coefficients were calculated for total light readings from the 
surface of the lake to that depth at which the reading was equal to or
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less than 1% of the total light incident to the surface. A number of 
field and laboratory studies have shown that the compensation point for 
various phytoplankton organisms is reached at light intensities of about 
1% of total surface radiation (Verduin, 1964). The euphotic zone depth 
varied with light intensity and the calculated extinction coefficients, 
but seldom extended below 9 meters. The calculated extinction coeffi­
cients are listed in Table I.
Table I. Extinction Coefficients for Quake Lake, Summer 1965
Date
Extension
Coefficient Date
Extinction
Coefficient
5-22 0.821 8- 3 0.661
5-29 0.760 8-10 0.623
6- 5 1.000 8-17 0.786
6-12 2.513 8-24 0,957
6-22 1.131 8-31 0.501
6-29 0.997 9- 7 0.727
7- 6 0.873 9-14 0.415
7-13 0.722 9-20 0.494
7-20 0.546 10- 2 0.612
7-27 0.630 Average 0.777
As can be seen from Table I above, the extinction coefficients varied
from the summer low of 0.415 on August 14, to the high of 2.513 on June 12.
Discharqe and Retention Time
Discharge measurements taken below Hebgen Dam yielded the flow rates
of the Madison River expressed in cubic feet per second (cfs) as given in
Table II.
- 18 -
Table II. Discharge rates of the Madison River (cfs) during the 
Summer of 1965.
Date Discharge Date Discharge
May 22 1030 August 3 1650
May 29 956 August 10 1550
June 5 598 August 17 657
June 12 1000 August 24 197
June 22 994 August 31 507
June 29 2460 September 7 494
July 6 1840 September 14 500
July 13 2250 September 20 201
July 20 2280 October 2 1530
July 27 1620
As can be seen, depending on the amount of water released from Hebgen Dam, 
discharge rates varied from 201 to 2460 cubic feet per second. In view 
of the stratification that occurs, it was assumed that the variation in 
discharge rates would allow the water in the epilimnion of the lake to 
remain there for varying periods of time. The approximate volume of the 
epilimnion has been calculated using the mean length, width and depth of 
the epilimnion. Using this volume and the mean discharge rates for each 
Month throughout the summer, the average retention time for water in the 
epilimnion has been calculated and is presented in Table III.
Table III.
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Calculated retention periods (T) 
epilimnion of Quake Lake, 1965.
for water in the
Month Discharge (cfs) T Days
April 1384 5.6
May 1054 7.3
June 1311 5.9
July 2058 3.7
August 797 9.6
September 528 14.6
u As can be seen from the above table, the maximum number of days dur-
'I
ing any one month that water remained in the epilimnion of Quake Lake was 
14.6 days during September. The minimum number of days for water 
retention in the epilimnion was 3.7 days during July.
Water Chemistry
Since the collection of water samples for major cations and anions 
was only made every other sampling period during the summer, only 
correlations between the biologically active nutrients and cell volume 
and chlorophyll will be presented in this section. The important chemical 
nutrients in relation to productivity will be presented in the section of 
the results under productivity. Chemical analyses of the major cations 
and anions at the various stations are given in the Appendix. One can 
note from an observation of the chemical data in the Appendix, that
sodium is the dominant cation and sulfate and chloride are the dominant 
anions. Martin (1967) presented an excellent discussion of the geology 
and chemistry of the area from which the Madison River originates and
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concluded that Hebgen Lake, just above Quake Lake in the Madison River 
chain, is primarily a sodium bicarbonate-chloride lake, low in potassium, 
magnesium, calcium and sulfate. Since Hebgen Lake drains into Quake Lake, 
one would assume that Quake Lake would also be a sodium bicarbonate- 
chloride lake. However, some of the streams such as Cabin Creek that drain 
into Quake Lake, drain the Hilgard Mountains which are of sedimentary 
origin (Ross, 1955), and, as a result. Quake Lake has a much higher sul­
fate concentration than Hebgen Lake. Samples taken from Cabin Creek, 
(station 3) had sulfate concentrations in excess of 150 parts per million. 
Oxygen
The oxygen concentrations in Quake Lake were measured, as described 
in the methods section, weekly at station 1 from 0 to 8 meters, at 1 meter 
intervals. From the eighth meter to the bottom of the lake, samples were 
taken biweekly at 5 meter intervals.
The oxygen concentrations were noted to have been at a maximum dur­
ing the first sampling period on May 22, in the surface meter of water.
The concentration of oxygen never again reached this 10.60 mg/l 
concentration during the summer of 1965 and was not observed at this 
concentration at any other sampling depth at station 1. As can be noted 
from Table XX in the Appendix, a decrease in oxygen concentration in the 
first 9 meters of Quake Lake at station 1 was observed over the period of 
the summer. This decrease was probably due to a gradual warming of these 
surface waters which would allow for retention of less dissolved oxygen.
As can also be seen from Table XXI in the Appendix, the concen­
tration of oxygen at 28 meters, which is near the bottom of Quake Lake,
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was 8.78 mg/l on May 29. A steady decline from this concentration on 
throughout the summer was observed. The concentration observed on the 
final sampling date (September 14) was 3.82 mg/l. This decrease in oxygen 
concentration may have been due to oxidation of organic material as it 
filtered through the hypolimnion of the lake. Even though there was a 
steady decline of oxygen on the bottom of Quake Lake, there was never a 
complete lack of oxygen in the waters of Quake Lake at station 1. A 
mixing of the lower layers of water in Quake Lake obviously did not occur 
before the termination of sampling on October 2.
Quake Lake exhibited a strong clinograde oxygen curve (Figure 6) 
which is characteristic of eutrophic lakes. This clinograde oxygen curve 
is a result of oxygen production in the epilimnion and oxygen uptake in the 
hypolimnion due to respiration and decomposition of organic material. 
However, the fact that oxygen was present in the hypolimnion throughout 
the summer may suggest that more organic material was being carried out of 
the lake than was being allowed to settle out and decompose.
Nitrate
Water samples were not analyzed for the presence of nitrate until 
June 12, because of problems in establishing an accurate test. As a 
result, there are incomplete sampling records for nitrate.
The concentration of nitrate was at an early summer maximum on June 
12 and dropped to the minimum of 2.0 ppb for the entire summer on June 
29. This large decrease in nitrate concentration may possibly be due to 
an increase in the discharge rate at that same time. This may indicate 
that the water in the epilimnion of the lake was either diluted or washed
- 22 -
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on September 14, 1965.
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out of the lake. From the 29th of June on throughout the summer, a 
gradual increase in nitrate concentration, with minor fluctuations, was 
observed until September 20, at which time the maximum nitrate concentra­
tion for the summer (54.0 ppb) was recorded. A decline in nitrate 
concentration was noted on September 7, two weeks prior to this summer 
maximum.
As was mentioned above, the nitrate concentration varied from 54.0 
to 2.0 ppb. A change as great as this should be considered significant 
and it appears that nitrate may be one of the main limiting factors which 
controlled chlorophyll and photosynthetic production. However, when 
nitrates were low and discharge was small, some increases in photo­
synthesis were noted. These increases might possibly be due to the 
phosphate concentration influencing photosynthesis.
Phosphate
As can be seen from Table II, the concentration of phosphate was 
greatest in the spring and early summer and was minimal during the summer, 
although an increase was recorded in late August and early September.
The maximum phosphate concentration of 0.38 mg/l for the summer of 
1965 was recorded on May 29. A sharp decline in concentration to 0.13 
mg/l was recorded for a two week period at which time a second major 
increase to 0.36 mg/l was observed. Again, a sharp decline in concentra­
tion to 0.14 mg/l was noted, and a third sharp increase in concentration 
to 0.30 mg/l was recorded the next week. A decline to 0.12 mg/l was 
noted during the next sampling period and from this point on, a fairly 
steady state concentration was recorded with minor fluctuations, until
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September 14. At this time another increase in concentration to 0.20 mg/l 
was recorded. This last increase was observed over a two week period.
Although these phosphate fluctuations can be correlated with the 
summer discharge rates to some extent, the most significant correlations 
based on calculated correlation coefficients are the phosphate concentra­
tion with chlorophyll and with net productivity. These correlations will 
be mentioned and discussed to a greater extent later.
Gerloff and Skoog (1954, 1957) have discussed the importance of 
nitrogen and phosphorus in lakes as limiting factors for phytoplanktonic 
growth. The rates of nitrogen fixation have also been studied in lakes 
and correlated with the growth of photosynthetic organisms such as 
Anabaena sp. (Dugdale and Dugdale, 1962). It appears that in Quake Lake, 
the production of oxygen and chlorophyll can also be best correlated with 
nitrate and phosphate concentrations. Table IV shows a comparison of 
nitrate and phosphate concentrations with net photosynthesis, chlorophyll 
concentration and cell volumes. Both cell volume and net photosynthesis 
are given as total values and chlorophyll concentration is a mean value 
in the euphotic zone for the sampling date shown. Fluctuations of net 
photosynthesis, chlorophyll and cell volume in relation to nitrate and 
phosphate concentrations can be observed in Table IV.
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Table IV. Euphotic zone values of nitrate, phosphate, net 
photosynthesis, chlorophyll, and cell volume in 
Quake Lake, Summer 1965.
1 2 Net 3 4 5
NO PO Photo­ Cell
Date 3 4 synthesis Chlorophvl1 Volume
5-22 .. 0.36 1.264 13.84 7.49
5-29 — — 0.38 1.586 10.64 6.96
6- 5 — — 0.15 0.139 6.03 13.20
6-12 42.0 0.13 0.627 8.51 7.43
6-22 16.0 0.36 1.631 4.70 9.00
6-29 2.0 0.33 0.398 6.54 11.89
7- 6 10.0 0.14 0.731 2.77 8.41
7-13 9.0 0.30 0.800 3.04 9.36
7-20 11.0 0.12 0.470 4.04 5.67
7-27 18.0 0.12 0.713 2.47 4.59
8- 3 17.0 0.14 0.450 2.29 6.32
8-10 17.0 0.11 0.724 1.24 12.70
8-17 16.0 0.10 1.361 2.15 6.79
8-24 29.0 0.12 0.889 2.10 5.76
8-31 39.0 0.11 0.610 3.27 5.75
9- 7 27.0 0.11 1.279 2.44 8.71
9-14 41.0 0.11 0.374 4.88 3.06
9-20 54.0 0.16 0.500 3.00 6.02
10- 2 29.0 0.20 3.88 10.74
1 Mean ppb (parts per billion)
2 Mean ppm (parts per million)
3 Total gm C/m^/day (grams of carbon per square meter per day)
4 Total mg/iiF (milligrams per cubic meter)
5 Total mm^/l (cubic millimeters per liter)
Sample not collected
- 26 -
Silica
Lund (1950, Lund et al. (1963), and Pearsall (1932) have observed 
that the concentration of silica in a lake is important in determining 
diatom populations and diatom "blooms". Attempts were made to correlate 
silica concentrations in Quake Lake with cell volume fluctuations of the 
Bacillariophyceae observed in Quake Lake for the summer of 1965. Very 
poor correlations were observed, possibly due to the small çilica 
fluctuations that occurred over the summer period. Silica analyses were 
made every other week and as can be noted from Table XXV in the Appendix, 
changes in silica concentrations are probably not very significant. A 
second possible explanation may be that the cell volume of the organisms 
may not be very representative of the population as a whole. The silica 
concentration must have been above any critical value which would have 
been limiting to the growth of diatom populations for the entire period 
of the summer. Lund (1950) and other workers have noted that Asterionella 
sp. decrease in numbers with a drop in silica concentration below 0.5 mg/l. 
As can be seen from Table XXIV, the silica concentration in Quake Lake 
never approached this lower limit. One might, therefore, assume that 
silica was not limiting in the productivity of the Bacillariophyceae in 
Quake Lake.
Phvtoplankton Standing Crop
The phytoplankton taxa occurring in Quake Lake during the summer of
1965 are listed in Table V. The 28 algal genera are separated into classes
according to Smith (1950). Those algal taxa marked with an asterisk 
(*) were encountered during fewer than one half of the sampling dates.
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Table V. Algal taxa occurring in Quake Lake during the summer 
of 1965.
b a c i l l a r i o p h y c e a e
Asterionella formosa 
*Cocconeis sp.
Coscinodiscus subtilis 
*Cymbella sp.
Diatoma sp.
Fraqilaria crotonensis 
Meridion sp.
Navicula sp.
*Surirella sp.
Synedra sp.
*Tabellaria sp. 
CRYPTOPHYCEAE
Rhodomonas lacustris 
Cryptomonas ovata 
DINOPHYCEAE
*Ceratium hirundinella 
CHRYSOPHYCEAE
*Dinobryon sp.
CHLOROPHYCEAE
*Ankistrodesmus falcatus 
Chlamydomonas sp. 
Chlorella ellipsoidea 
^Oedogonium sp. 
*Pediastrum sp.
^Penium sp.
*Scenedesmus sp. 
Schroederia setiqera 
MYXOPHYCEAE
Anabaena spiroides 
Aphanizomenon flos-aquae 
*Lynqbya Birgei 
XANTHOPHYCEAE
Tribonema sp. 
EUGLENOPHYCEAE
Euqlena sp.
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Although a greater number of genera were encountered in Hebgen Lake dur­
ing the same time period, a more diverse group of classes was found in 
Quake Lake during the summer of 1965 (Martin, 1967).
As is shown in Table VI, the species accounting for the largest 
total volume for the summer period was Crvptomonas ovata. Cryptomonas 
ovata was found on all 19 sampling dates. The volumes for Cryptomonas
ovata ranged from 4.59 mm^/l on August 17 to a low of 0.82 mm^/l on
August 24. The average volume for the summer was 2.53 mm^/l.
The organism accounting for the second largest total volume was
Euqlena sp.. The maximum density for Euqlena sp. was reached on June 22
and 29 with volumes of 2.91 mm^/l on both sampling dates. Although 
Euqlena sp. accounted for the second largest average volume over the
period of the summer, (0.95 mm^/l) it was not encountered during 6 of the 
19 sampling periods.
A second member of the class Cryptophyceae, Rhodomonas lacustris, 
accounted for the third largest total volume for the summer period. 
Rhodomonas lacustris was found on all 19 sampling dates and had volumes
ranging from O.ll^mm/l to 7.21 mm^/l. Although this organism was found 
during each sampling cruise throughout the summer, the maximum density
for Rhodomonas lacustris (7.21 mm^/l) occurred on June 5.
In addition to the three species mentioned above, Diatoma sp., 
Asterionella formosa, and Fraqilaria crotonensis, all members of the 
class Bacillariophyceae, accounted for average volumes of 0.76, 0.40 and
0.25 mm^/l respectively. Navicula sp. was the only other diatom en­
countered with a cell volume of any significance. Average volume for
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Navicula sp. for the summer was 0.14 mm^/l.
The green algae (Chlorophyceae) were represented primarily by 
Chlamydomonas sp. and Chlorella ellipsoidea. Both of these species were 
encountered on all 19 sampling dates, however, in relation to the total 
cell volume encountered on any one sampling date, their presence does not 
seem to be of much significance.
The bluegreen algae (Myxophyceae) were not present during all 
sampling dates. The three most important species were Aphanizomenon 
flos-aquae, Lynqbva Birgei, and Anabaena spiroides. The average volumes 
were 0.13, 0.17, and 0.13 mn?/l respectively. A distinctive "bloom" of 
bluegreen algae was never noted in Quake Lake during the summer of 1965.
Ceratium hirundinella, encountered on 5 out of the 19 sampling dates, 
had an average volume of 0.62 mm^/l, the fourth highest of all species 
encountered. As can be seen from Table VI, the majority of this volume 
for Ceratium hirundinella was observed on one single sampling date,
October 2, with a volume of 7.84 mm^/l,
Tribonema sp. was noted occasionally in the plankton samples and this 
organism averaged 0.22 mm^/l.
All algal taxa with average cell volumes greater than 0.05 mm^/l and 
occurring during more than 50% of the sampling periods are included in 
Table VI.
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Table VI. Volumes of phytoplankton species occurring greater than 
50% of the time and having volumes greater than 
0.009 mm^/l. Summer 1965.
Date
CO r—1 (0 c
(/) (0 1-4 (0 •i4 o
<0 CO c (U •H CO E
c •H o c c o
o f-4 E fO fO o (0 (0 o
E •P o c E •H CO -4 c >
o CO +> CD o A O "H o E
TJ S3 a •p i-H -p <V E or•pO O > (0 CT . (0 +> P m o r—ijC CD A > 3 Q. *H Q. (0 o  P pOS rH O o UJ CO Û CO < C+H Uh o O 0)
<0
uT3(D
&CO a(/}
5-22 0.56 1.15 0.58 2.66 0.20 0.00 0.65 0.73 0.03
5-29 1.60 3.28 0.00 0.00 0.09 0.05 0.28 0.57 0.43
6- 5 7.21 1.64 0.58 1.72 0.48 0.01 0.61 0.15 0.13
6-12 0.49 2.95 2.33 1.08 0.04 0.00 0.20 0.06 0.06
6-22 0.75 2.46 2.91 0.63 0.88 0.20 0.30 0.09 0.24
6-29 1.00 3.11 2.91 2.35 0.25 0.00 0.22 0.13 0.25
7- 6 0.68 1.72 2.04 0.66 0.08 0.03 0.18 0.07 0.04
7-13 0.85 4.26 1.75 1.25 0.02 0.01 0.40 0.03 0.01
7-20 0.33 1.64 0.58 0.16 0.13 0.01 0.35 0.12 0.00
7-27 0.51 2.13 0.00 0.16 0.01 0.02 0.25 0.05 0.00
8- 3 0.90 2.87 0.00 1.49 0.00 0.21 0.28 0.12 0.00
8-10 0.28 8.35 1.17 0.94 0.02 0.06 0.33 0.04 0.01
8-17 0.45 4.59 0.58 0.31 0.01 0.01 0.33 0.05 0.00
8-24 0.16 0.82 1.17 0.00 0.08 0.04 0.20 0.01 0.00
8-31 0.37 2.13 0.00 0.31 1.95 0.33 0.27 0.06 0.00
9- 7 0.18 1.64 0.00 0.16 3.21 1.27 0.16 0.01 0.01
9-14 0.23 0.98 0.00 0.02 0.04 1.13 0.30 0.02 0.01
9-20 0.11 1.47 0.87 0.36 0.03 1.18 0.22 0.01 0.00
10- 2 0.11 0.98 0.58 0.16 0.01 0.26 0.47 0.04 0.00
Ave. 0.88 2.53 0.95 0.76 0.40 0.25 0.32 0.12 0.06
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Table VI. Volumes of phytoplankton species occurring greater than 
50% of the time and having volumes greater than 
0.009 mm^/l. Summer 1965. (cont'd)
Date
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5-22 0.15 0.00 0.00 0.00 0.00 0.00
5-29 0.52 0.00 0.00 0.00 0.00 0.00
6- 5 0.41 0.01 0.00 0.00 0.00 0.00
6-12 0,06 0.00 0.00 0.00 0.00 0.00
6-22 0.15 0.04 0.32 0.00 0.00 0.00
6-29 0.09 0.02 1.37 0.00 0.00 0.00
7- 6 0.16 2.15 0.24 0.00 0.01 0.00
7-13 0.18 0.11 0.10 0.00 0.02 0.00
7-20 0.14 0.01 1.88 0.03 0.02 0.00
7-27 0.10 0.02 0.00 0.00 0.15 1.00
8- 3 0.17 0,01 0.02 0.00 0.07 0.00
8-10 0,22 0.01 0.00 0.05 0.13 1.00
8-17 0.08 0.05 0.00 0.03 0.21 0.00
8-24 0.05 0.01 0.00 1.29 0.84 1.00
8-31 0.08 0.00 0.00 0.00 0.19 0.00
9- 7 0.06 0.00 0.03 1.50 0.36 0.00
9-14 0.06 0.01 0.07 0.00 0.18 0.00
9-20 0.03 0,00 0.15 0.41 0.12 1.00
10- 2 0.03 0.00 0,01 0.01 0.15 7.84
Ave. 0.14 0.13 0.22 0.17 0.13 0.62
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The percent of the composition of the phytoplankton by class is 
plotted against sampling dates in Figure 7. Only 3 classes of algae were 
found on all 19 sampling dates, (Bacillariophyceae, Cryptophyceae, and
Chlorophyceae). The density of Chlorophyceae remained fairly constant 
throughout the summer, and contributed less than 20% of the total volume. 
The Bacillariophyceae and the Cryptophyceae were the major contributors 
to the total volume of the summer. A spring and fall increase in the 
volume of the Bacillariophyceae can be noted along with a corresponding 
drop in the percentage of the other classes. After the peak in late May 
by the Bacillariophyceae, an increase in percentage composition can be 
noted for the Cryptophyceae. As this population, dominated by 
Rhodomonas lacustris and Cryptomonas ovata, declined in early June, a 
population increase of the Euglenophyceae is evident. A slow decline of 
Euqlena sp. and a slight increase in the Bacillariophyceae occurred in 
late June and early July. Also in early July, there was a small "bloom 
of the bluegreen algae (Myxophyceae). This bluegreen "bloom" dropped off 
sharply the next week and was replaced by a percentage increase of 
Cryptophyceae and a slight percentage increase in the diatom population. 
With a decrease in both the diatoms and the Cryptophyceae, a definite 
increase in the Xanthophyceae is noted. This is the only increase in 
Tribonema sp. of any significance during the period of the summer. After 
the Xanthophyceae "bloom", the lake once again was dominated by the 
Cryptophyceae for the next 4 weeks with a small increase in the 
Bacillariophyceae and in Ceratium hirundinella. With a decline in the 
Bacillariophyceae and the Cryptophyceae during the last 2 weeks in August,
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increases in the Dinophyceae, Englenophyceae, and Myxophyceae are noted. 
This increase in the Myxophyceae is probably the largest quantity of 
bluegreen algae that occurred in Quake Lake for the entire period of the 
summer» From this point on until the end of the summer sampling period, 
the phytoplankton community was dominated by the Bacillariophyceae and 
the Cryptophyceae. Two exceptions are noted in this dominance. During 
the first week in September, a decrease in the volume of the Cryptophyceae 
and a small increase in the volume of the Myxophyceae was noted. Then, 
toward the end of the summer, both the Bacillariophyceae and Cryptophyceae 
volumes declined and were replaced by a large "bloom" of the Dinophyceae, 
represented by Ceratum hirundinella. This is the only significant 
increase in Ceratum hirundinella during the entire summer of sampling.
It is at this time that a small increase in Daphnia galeata mendotae was 
observed. It is possible that part of the decline of phytoplankton 
density at this time was due to predation by these zooplankters.
The Crysophyceae were found early in the summer and persisted through 
to the end of July, however, the largest percentage of total volume 
occurring on any one sampling date was 4%.
Chlorophyll
The mean weekly chlorophyll concentration varied throughout the 
summer with a late May maximum of 13.84 mg/n? to an early August minimum 
of 1.24 mg/m^. As can be seen from Figure 8, the chlorophyll concentra­
tion dropped from the summer maximum on May 22 to 6.03 mg/m^ on June 5, a 
total decrease of 7.81 mg/m^. An increase to 8.51 mg/m^ was observed on 
June 12 and a decrease of about 50% to 4.70 mg/n? was then recorded on 
June 22. From this point on until the summer low was reached on August 
10, an almost steady decline in chlorophyll concentration was observed.
Small weekly increases and decreases were observed. From this summer
24Discharge
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Fig. 8 Comparison of chlorophyll (mg/m^) concentrations and
discharge rates (cfs) in Quake Lake, Summer, 1965.
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minimum, once again the chlorophyll concentration tended to increase 
until termination of sampling on October 2 with the maximum concentration 
for the latter part of the summer of 4,88 mg/m^ occurring on September 14.
Discharge rates were low from May 22 until June 5 at which time 
discharge rates increased from 598 cubic feet per second to 2400 cubic 
feet per second. It was during this time that the sharp decrease in 
chlorophyll concentration was observed. Discharge of water through the 
lake remained at quite a high rate with weekly fluctuations noted until 
August 10. At this time the discharge of water dropped from 1550 cubic 
feet per second to 197 cubic feet per second over a two week period. It 
was also during this same two week period (August 10 through August 24) 
that an increase in chlorophyll concentration was observed.
Although some of the fluctuations in chlorophyll concentration appear 
to be correlated with water discharge rates through the lake over the 
period of the s&mmer (Figure 8), the correlation coefficient (-0.0316) 
between discharge rate and chlorophyll concentration was not significant.
The weekly mean chlorophyll concentration found in Quake Lake might 
be correlated with several factors other than discharge. The problem 
of correlating chlorophyll concentration with cell volume can be 
clearly seen from Figure 9. One would expect that if cell volume in­
creased, the concentration of chlorophyll would also increase. Often, as 
shown during the first and second weeks of June, the peak of chlorophyll 
concentration occurred one sampling period or one week after the increase 
in total cell volume. Possibly this may be due to a lag in chlorophyll
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Fig. 9 Comparison of chlorophyll (mg/mP) concentrations and total
phytoplankton cell volume (miS/l) in Quake Lake,
Summer, 1965.
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production. It would also be feasible to state that cell volume increases 
need not necessarily be accompanied by a chlorophyll concentration. Sev­
eral of the classes represented in the lake consist of fairly large organ­
isms and would have a low chlorophyll to volume ratio. Consequently, the 
change in chlorophyll concentration may not be as noticeable as the 
larger increase in cell volume.
The concentrations of phosphate and nitrate have been plotted 
against chlorophyll concentration in Figures 10 and 11 respectively.
One can note that in Figure 10, phosphate concentration was at a 
high level throughout May and' June with the exception of a sharp drop in 
phosphate concentration between May and June, which appears to correspond 
to an increase in the discharge rate at that time. The drop in phosphate 
concentration in late July corresponds to a small increase in chlorophyll 
and a similar increase in the photosynthetic rate. There was also a 
decline in the discharge rate at this same time which would allow the 
water to remain in the lake for a longer period of time, which would also 
aid this photosynthetic increase.
Figure 11 shows clearly that as nitrate concentration drops, so does 
the concentration of chlorophyll. Later in the summer, in August and 
September, there is observed to be an increase in nitrate concentration 
and a corresponding increase in chlorophyll concentration. This peak in 
nitrate appears to correspond to an increase in photosynthesis observed 
during the same sampling period. Also at this same time, the discharge 
was at its lowest rate.
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Fig. 10 Comparison of chlorophyll (mg/m^) and phosphate (mg/l)
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Fig. 11 Comparison of chlorophyll (mg/nP) and nitrate (ppb) 
concentrations in Quake Lake, Summer, 1965-
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It appears that nitrate and phosphate are the most important of all
the chemical ions checked with respect to primary productivity and
I
chlorophyll concentrations. Significant fluctuations in concentrations 
of all of the other ions were rare.
Primary Productivity
The primary productivity of Quake Lake is presented in Table VII.
Net photosynthesis was obtained by subtracting the oxygen concentration 
in the initial sample from the oxygen concentration in the light bottle. 
Respiration was obtained by subtraction of the oxygen concentration in 
the dark bottle from that of the initial oxygen sample. Gross photo­
synthesis is the sum of net photosynthesis and respiration. With the 
assumption of a photosynthetic quotient of 1, carbon uptake equivalent 
to the oxygen released may be calculated.
The results of the primary productivity study are presented in 
Table VII. The phenomenon of the production of more oxygen in the dark 
bottles than in the original initial oxygen samples does not appear to 
have a definite explanation. This phenomenon was noted to occur on 10 
of the 18 sampling dates and on two occasions to such a great extent that 
negative values were obtained for gross photosynthesis. Results similar
to this were obtained by Martin (1967) on Hebgen Lake. There is some 
possibility of sampling error, however, all samples were treated exactly 
the same, consequently one would expect the error if any to be uniform.
As can be seen from Table VII, net photosynthesis varied from 0.139 
to 1.631 gm C/m^/day. These fluctuations may possibly have been correlated 
with factors such as discharge and nitrate and phosphate concentrations as
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Table VII. Productivity Data (gm C/ / day) for an 8 hour 
period in Quake Lake, Montana. Summer 1965.
Date
Gross
Photosynthesis
(Net
Photosynthesis Respiration
5-22 2.080 1.264 0.816
5-29 0.950 1.586 - 0.636
6- 5 0.232 0.139 0.093
6-12 0.126 0.627 - 0.501
6-22 1.403 1.631 - 0.228
6-29 - 0.430 0.398 - 0.828
7- 6 0.311 0.731 - 0.420
7-13 0.884 0.800 0.084
7-20 0.380 0.470 - 0.090
7-27 0.709 0.713 - 0.004
8- 3 0.713 0.450 0.263
8-10 0.784 0.724 0.060
8-17 1.097 1.361 - 0.264
8-24 - 0.455 0.889 - 1.344
8-31 0.781 0.610 0.171
9- 7 0.345 1.279 - 0.934
9-14 0.463 0.374 0.089
9-20 0.815 0.500 0.315
10- 2 - - -
Average 0.720 0.808 0*397
- Sample not collected
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will be shown later.
Figure 12 shows discharge from Hebgen Lake and net photosynthesis in 
Quake Lake. As can be seen from î^igure 12, the rate of discharge seemed 
to have some controling effect on productivity, since rates of net photo­
synthesis were consistently low during the period of high discharge from 
late June to early August. High rates of photosynthesis occurred only 
when discharge was less than 1200 cubic feet per second.
Phosphate concentration was at a high level throughout May and June 
(Figure 13) with the exception of a sharp drop in concentration between 
May and June, which corresponds to an increase in the discharge rate at 
that time. The drop in phosphate concentration in late July through early 
September corresponds to a similar increase in photosynthesis at that 
same time. There was also a decline in the discharge rate at this same 
time which would allow the water to remain in the lake for a longer period 
of time and thus aid the photosynthetic process by allowing larger 
populations of phytoplankton to build up in the euphotic zone. The 
general trend shown in Figure 13 is that when there was a peak or increase 
in soluble phosphate, there appeared to be a similar increase in net 
productivity. There are exceptions, as shown at the end of July and 
throughout August.
However, even though phosphate concentrations were low in late 
August and early September, there was a small peak of phosphate during 
this time which may have produced the increase of photosynthesis in 
August. Also, the increased photosynthesis in early September corre­
sponded to an increase in the nitrate concentration at that same time
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Summer, 1965.
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(Figure 14). ,
It is doubtful that either one of these nutrients alone is a limit­
ing factor determining the photosynthesis or productivity in Quake Lake. 
Figures 13 and 14 show that both phosphate and nitrate peak either at the 
same time or shortly before each increase in photosynthesis.
Net photosynthesis is compared with chlorophyll concentrations in 
Figure 15. It appears that each peak of photosynthesis is staggered with 
a peak of chlorophyll. An increase of chlorophyll is noted in early June 
and one week later, a corresponding peak in photosynthesis can be ob­
served. It is possible, especially since these correlations can be seen 
throughout the summer, that the build-up of chlorophyll produced, as a 
result of increased population size, more oxygen and consequently an 
increase in the photosynthetic rate.
The relationships between cell volume and photosynthetic rates are 
vague. As can be seen from Figure 16, the peaks in cell volume do not 
occur at the same times as the peaks of photosynthesis. Occasionally, 
there was a cell volume increase one week before a peak of oxygen 
production, and often, there was a photosynthetic increase before the 
noted peak in cell volume. On some sampling dates, there did occur slight 
rises in cell volume, with, however, great increases in oxygen production. 
One such example is found in the middle of June, when there was a slight 
increase in cell volume and a large increase in oxygen production. The 
next week, however, cell volume continued to increase and productivity 
dropped sharply. It does not seem too likely that there would be a week 
lag between cell volume production and oxygen production by this same
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population of cells. As cell volume increased, the productivity of these 
organisms should have increased at about the same time. This growth and 
production of oxygen should occur during the exponential phase of growth 
(Meyer, 1962), after which point the activity of the organisms should 
decline. This decline in activity is usually due to a limited volume in 
laboratory cultures, but in an open body of water it is probably due to 
a nutrient limiting factor or to the natural life cycle of the organism.
It has been suggested by some workers that possibly cell surface 
areas may be better related to productivity than cell volume. These 
workers feel that cell surface area may be the most adequate measure of 
phytoplankton standing crop (Fogg, 1965).
Zooplankton Standing Crop
Zooplankters encountered during the summer of 1965 are listed in 
Table VIII. The organisms are expressed as number per liter and over the 
period of the summer, 6  different species were found. Of these 6  species, 
only 2  were encountered on all sampling dates. Zooplankton samples were 
not collected on the first sampling date during May.
One cladocern, Daphnia schodleri. and one copepod, Cyclops 
bicuspidatus thomasi. were found on all 18 sampling dates. Daphnia 
qaleata mendotae. Piaptomus nudus and Diaptomus leptopus were frequently 
collected but not on every sampling date. Daphnia pulex was encountered 
only during the second week of August. The major contributor to the 
zooplankton population for the summer was Daphnia qaleata mendotae even 
though there were three sampling dates during which this species was not 
found. Daphnia schodleri. even though encountered on all 18 sampling 
dates, was not the dominant zooplankter in terms of number per liter in 
the lake. The reason for the extremely low density of Daphnia pulex 
is not known. According to Wright (1965), Daphia schodleri was the major
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Fig. 16 Comparison of net photosynthesis (gm C/m^/day) and
total phytoplankton cell volume (mniP/l) in Quake Lake, 
Summer, 1965.
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contributor to the population density of Canyon Ferry Reservoir, with 
Daphnia qaleata mendotae contributing to a lesser degree. These 
fluctuations of Daphnia sp. were correlated with water temperature changes 
and with predator increases such as an increase of Leptodora kindtii.
Quake Lake, however, had low zooplankton population densities as compared 
with those found in Hebgen Lake by Martin (1967) and those found in 
Canyon Ferry Reservoir by Wright (1965). Temperature changes and 
gradients in Quake Lake were not extreme, and the reason for this low 
population density of all zooplankters and the fluctuation of species may 
have been due to discharge as is shown in Figure 17. The general trend 
shown in Figure 17 is that an increase in discharge will either at the 
same time or with a weeks lag show a decrease in the population density 
(#/l) of the zooplankters. One exception to this is the zooplankton 
population noted on July 20. Even though discharge was at one of its 
maximum rates, the zooplankton population was noted to be at a concen­
tration of 8.0 organisms per liter. It is possible that this zooplankton 
peak was observed because of sampling time. The zooplankton may have been 
moving out of the lake due to water discharge at the time of sampling, 
because as can be seen from Figure 17, the zooplankton population de­
creases sharply on July 27 and on to August 3. If the zooplankton popu­
lation were not being moved out of the lake by the high rate of water dis­
charge, one would expect to see a steady state population or possibly an 
increase during the next week instead of a sharp decrease with a decrease 
in discharge. There was a short decrease in discharge the week prior to
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Table VIII. Zooplankton (number / liter) in Quake Lake, 
Summer, 1965.
•H (0 (0 U)
A <D TO 3 3 U)fO <D <0 (0 (TJ 0) (n •H •H E E 3
•H >—1 •H ■p -p •H Q a cn o o O
C •o c (0 o c X O 0) fO p 0) p o
-C O £ <D •o CD r-H p e Q 3 a pa x ; a r—4 c a rH O o o <tJ TJ m a
CO u (0 <TJ % TO 5 > •p X: 3 •H 0)
D a t e  Q u> Q cr E Q a Ü X) -p Q C Q r— i Total
5-29 0.35 0.04 - 0.09 - - 0.48
6 - 5 0.03 - - 0 . 0 1 - - 0.046-12 0 . 0 1 - - 0.03 - - 0.04
6 - 2 2 0.06 - - 0 . 0 2 0 . 0 1 0.01 0.10
6-29 1.57 0.11- - 0.64 - 0.04 2.36
7- 6 0 . 2 1 0 . 0 1 - 0.07 0.01 0 . 0 1 0.31
7-13 1.23 0.24 - 0 . 2 1 0.09 - 1,777-20 7.09 0.33 - 0.11 0.10 0.38 8 . 0 17-27 2.95 0 . 1 0 - 0.13 0.24 1.16 4.588- 3 0.43 0.05 - 0.06 0.17 1.37 2.08
8-10 1.33 1.07 0 . 0 2 0.16 0.11 0 . 2 2 2.918-17 1.44 1.94 - 0.07 0.04 0.28 3.778-24 0 . 2 2 0.18 - 0 . 0 1 - 0.01 0.428-31 2.16 5.11 - 0.04 0 . 0 2 0.11 7.449- 7 1.98 8.13 - 0.89 0.14 0.07 11.21
9-14 1.12 11.18 - 0.05 0.09 0.16 12.60
9-20 0.45 8 . 1 2 - 0.05 0.08 0.18 8 . 8 810- 2 1.80 4.40 - 0.01 0.11 0.05 6.37
TOTAL 24.43 41.01 0 . 0 2 2.65 1 . 2 1 4.05
- Organisms not encountered
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this July 20 zooplankton peak which may have been sufficient to allow for 
this small zooplankton population to build up. As will be shown later 
in the result, it is thought that the discharge rate determined how long 
the water remained in the epilimnion of the lake, and the less time this 
water remained in the lake, the faster the zooplankters were washed out 
of the epilimnion. The large peak of zooplankton in early September 
appears to correspond to a decrease in phytoplankton density at that same 
time. Feeding on the phytoplankton by the zooplankters may have caused 
the phytoplankton decline and the zooplankton increase. Also, the 
water discharge rate was at a minimum during the same time.
It is doubtful whether predation by Leptodora kindtii played any 
role in the decrease of zooplankters in the lake, since only traces of 
Leptodora kindtii were found on isolated sampling dates. It is possible 
that the population of zooplankters was at a low enough density all 
summer as to prevent the growth of a Leptodora kindtii population. There 
may be a possible correlation of species fluctuations over the period of 
the summer with the depth in the lake at which they were collected. 
However, since vertical tows from the bottom of the lake to the surface 
were made, no attempt was made to determine at which depth these species 
occurred.
According to Hall (1964) the duration of egg development of Daphnia 
qaleata mendotae is 6.0 days at 13 C. Since this is longer than the 
retention time during April, June and July, the population of Daphnia 
would tend to be swept out at a faster rate than it could reproduce.
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Only during August and September would the retention rate be greater than 
the egg duration. Significantly, the highest Daphnia populations were 
found in August. This possibly may account somewhat for the low 
zooplankton populations found in Quake Lake during the summer of 1965.
As can be seen from Figure 17, fluctuations in zooplankton popula­
tions seem to be closely correlated with both discharge rates and with 
egg densities. Each zooplankton peak is accompanied by or preceded by 
an egg peak. The largest zooplankton peak of the summer (12.60 
organisms / l) was noted during a time of low discharge and a peak of 
70 eggs per litter were observed the week prior to this summer 
zooplankton maximum.
Correlation Coefficients (r)
Without the use of any statistical analysis, and using observations 
strictly from graphing, the correlations mentioned earlier in this paper 
seem to hold true. However, as can be seen from Table IX, significant 
correlation coefficients were obtained for only two pairs of the 
variables analyzed.
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Table IX. Correlation coefficients for the comparisons made in 
the results. Degrees of freedom - N-2.
* = significant (5%) 
Variables
** = very significant (l%)
*Phosphate vs. Net Productivity = .4742 18
Nitrate vs. II II - .1805 15
Discharge II II II - .2091 18
Extinction
Coefficients «1 II II .0553 18
Cell volume II II II - .0616 18
Zooplankton
Volume It II II - .1782 17
Chlorophyll It II II .2519 18
Total light II II II .1763 18
s-*Phosphate II Chlorophyll — .6419 19
Nitrate II 11 — .1537 16
Discharge II II - .0316 19
Extinction
Coefficients II II .3569 19
Cell volume II II .0326 19
Zooplankton
Volume II II - .2839 18
Total light 11 II = - .1760 19
Discharge Zooplankton _ - .2454 18
Extinction Surface
Coefficients II Intensity .0759 19
Cell volume II Zooplankton - .4218 18
Silica Bacillariophyceae .0674 19
Concentration II
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Table X. Partial correlation coefficients for the significant 
and near significant correlations from Table IX. The 
variable in parenthesis is being held constant for 
each calculation. Degrees of freedom = N-3.
** = very significant {!%) * = significant (5%)
Variable r N
Net productivity vs. phosphate (chlorophyll)
Net productivity vs. chlorophyll (phosphate) 
**Phosphate vs. chlorophyll (net productivity)
Zooplankton volume vs. chlorophyll (discharge) 
Zooplankton volume vs. discharge (chlorophyll) 
Chlorophyll vs. discharge (Zooplankton volume
Zooplankton volume vs. cell volume (discharge) 
Zooplankton volume vs. discharge (cell volume)
Cell volume vs. discharge (Zooplankton volume)
**Chlorophyll vs. phosphate (Extinction coefficient) 
Chlorophyll vs. extinction coefficients (phosphate) 
Phosphate vs. extinction coefficients (chlorophyll)
.4225
.0860
.6254
.2922
.2552
.0723
.3756
.1345
.2311
.6775
.4439
,2837
A significance level of 5% was reached for the correlation between 
phosphate concentration and primary productivity with the correlation 
coefficient calculation, and a significance level of 1% was reached for 
the correlation between phosphate concentration and chlorophyll concen­
tration with both the correlation coefficient and partial correlation 
coefficient calculations. No other significant correlations are shown 
according to the significance tables given in Snedecor (1950).
DISCUSSION
Quake Lake presents somewhat of a different problem than one might 
anticipate from a survey of the limnological literature. From the stand­
point of phytoplankton productivity, Quake Lake is somewhat comparable 
with other lake and reservoir studies (Martin, 1967). However, when one 
looks at secondary or zooplankton production, it is noted that population 
densities are much lower than those encountered by other researchers such 
as Martin (1967) and Wright (1965).
Quake Lake is unusual in that it appears to consist of a basin of 
cold, dense water with a "river" of warmer, less dense water "flowing" 
over the top of it. The reason for this distinct stratification appears 
to be due to gradual warming of the river of cold dense water coming from 
the depths of Hebgen Lake over the summer as the summer days warmed up. 
This river water often had a higher conductivity (more dissolved material) 
than the underlying water in Quake Lake, but was always warmer, conseq­
uently was less dense and remained on top of the lake. Since Quake Lake 
has top withdrawal, it appears that this mass of water simply moved across 
the lake, its velocity and depth depending on the discharge rate through 
Hebgen Dam.
As was mentioned above, the surface waters of Quake Lake warmed up 
over the period of the summer and, as a result, the dissolved oxygen 
concentration decreased. As the surface waters warmed up, there was less 
retention of dissolved oxygen.
The measurement of dissolved oxygen in Quake Lake revealed that the 
concentration of oxygen was greatest in the early part of the summer and 
decreased from then on throughout the summer. The water in Quake Lake
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was the coldest during this time and would retain more dissolved oxygen. 
Oxygen concentration decreased with increasing depth as would be expected. 
The maximum oxygen concentration was encountered each week in the surface 
oxygen sample. Even though oxygen concentration decreased in the 
hypolimnion of Quake l̂ ake over the summer, there was never a complete 
absence of oxygen on the bottom of the lake at station 1, at the termi­
nation of sampling.
Quake Lake, though deeper than Hebgen Lake, did not experience a fall 
overturn as did Hebgen Lake by the termination of sampling on October 2.
There appeared to be no correlation of primary productivity with 
cell volume of the phytoplankters, and it is felt that positive correla­
tions might be found with cell surface area. Primary productivity can be 
significantly correlated with phosphate concentration but no significant 
statistical correlation can be found with nitrate concentration. Neither 
of the above nutrients was positively shown to be limiting. When one of 
these two nutrients appeared to become limiting, the other appeared to be 
in excess.
Hutchinson (1967) has noted the importance of nitrogen in phyto­
plankton population fluctuations, however nitrate-nitrogen cannot be 
shown statistically to affect the phytoplankton population in Quake Lake 
significantly. Silica and phosphate have been shown by workers such as 
Hutchinson (1957) and Fogg (1967) to be important in phytoplankton 
nutrition. Significant statistical correlations with phosphate have been 
noted in Quake Lake, however no significant statistical correlations with
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silica concentration fluctuations could be observed. Certain workers such 
as Wright (i960) have suggested carbon dioxide limitations present in 
reservoirs, however, in this study, carbon dioxide concentrations were not 
calculated.
Lewin (1962) has presented an excellent discussion of the importance 
of other nutrients which have been considered in this study, but it is 
the opinion of this author that these nutrients were all of a suffi­
ciently high concentration over the period of the summer to not be limit­
ing to the phytoplankton productivity. Tables of such nutrient concentra­
tions can be found in the Appendix of this report.
Light intensity variations over the period of the summer may have had 
some effect on the phytoplankton production, however, correlation of 
community density fluctuations with calculated extinction coefficients 
were not statistically significant. The phytoplankton themselves have 
been observed by other authors to be self shading when the concentration 
of cells in the water increases causing the light penetration to decrease 
(Fogg, 1965).
An interesting situation can be noted in Quake Lake in relation to 
the types of phytoplankton that were found abundantly. As can be noted 
from Table VI, the Cryptophyceae and the Euglenophyceae, represented by 
Cryptomonas ovata and Euqlena sp. respectively, accounted for the largest 
volume of phytoplankton in Quake Lake. Provasoli and Pinter (i960) have 
shown in culture that these two classes of algae require a vitamin such 
as 6^2 or thiamine or both. This means that the organisms representing
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these two classes cannot produce their own vitamins and must acquire them 
from some other source.
One possible source of these vitamins in Quake Lake may be from the 
decaying organic remains on the bottom of the lake, left there when the 
forested area was flooded. Another possibility is that these vitamins 
were washed into Quake Lake from Hebgen Lake. Martin (1967) noted that 
the largest biomass of any class of organisms was accounted for by 
Lynqbya Birqei and by Aphanizomenon flos-aquae. both of which belong to 
the class Myxophyceae. Provasoli and Pinter (i960) have shown in culture 
that this class of algae do not require any vitamins, but can produce 
their own. The possibility then exists that these vitamins may be present 
in the nutrient rich lower waters of Hebgen Lake, released to this layer 
of water upon the death of the bluegreen algal blooms. These vitamins 
then would be washed into Quake Lake when released from Hebgen Lake. 
Significant graphically correlations between blooms of the Myxophyceae in 
Hebgen Lake and the increase in volume of the Cryptophyceae in Quake Lake 
cannot be shown.
Significant "blooms" of phytoplankton of any density were not ob­
served during the summer in Quake Lake. There was no dense "bloom" of the 
bluegreen algae in Quake Lake, typical of warm, nutrient rich lakes. 
"Blooms" of bluegreen algae such as this were noted in Hebgen Lake during 
the summer of 1965 (Martin, 1967). The surface waters of Hebgen Lake 
were significantly warmer than the surface waters of Quake Lake over the 
same period of time. The possibility exists that the surface withdrawal
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of water from Quake Lake as opposed to the bottom withdrawal of water 
from Hebgen Lake, may have reduced the temperature of Quake Lake to a 
point below the optimal growing temperature for bluegreen algal blooms.
The general conclusion is, that in Quake Lake for the summer of 1965, 
on the basis of calculated correlation coefficients and partial correla­
tion coefficients, primary productivity appears to have been controlled 
by a single factor, phosphate concentration. Discharge rates and nitrate- 
nitrogen concentration were calculated statistically to be not signi­
ficant, although graphically both appear to have exerted great influence 
on the productivity rates, both primary and secondary. It is felt that 
predation by zooplankters was at a minimum throughout the summer due to 
a fairly rapid removal of the zooplankters by discharge through the lake, 
although no significant statistical correlation can be observed. The 
density of zooplankters was low at most times during the summer.
Physical factors such as light are considered to be fairly un­
important as an influence on the rate of primary productivity due to the 
lack of significant statistical correlations between light intensity, 
extinction coefficients and primary productivity.
The major fluctuations in primary productivity, however, can be 
correlated nicely with changes in concentrations of phosphate. These 
same correlations that have shown to hold true with primary productivity 
will hold true also for fluctuations in chlorophyll concentrations.
It seems important to this author to consider this aquatic ecosystem 
as an entire unit even though each factor has been treated separately both
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statistically and graphically. There were obviously several factors 
controlling primary productivity at any given time. Light intensity, 
carbon dioxide and chlorophyll concentrations were continually inter­
acting to determine the photosynthetic rate of the phytoplankters. Not 
only were these three factors interacting but other factors such as water 
discharge, water temperature and concentrations of critical nutrients 
such as phosphate and nitrate-nitrogen must obviously be considered.
These factors not only influence primary productivity directly but also 
indirectly. For example, increased discharge rates may decrease the 
concentration of a critical nutrient such as phosphate, or it may affect 
the phytoplankton population by diluting their numbers, thus causing a 
lower rate of photosynthesis. It is the author’s opinion, therefore, 
that even though the factors influencing primary productivity were 
treated independently in this thesis, they are indeed interrelated and 
continually interacting, thus influencing primary productivity in Quake 
Lake, Montana.
APPENDIX
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Table XI. Boron concentrations (mg/l) in Quake Lake,
Deoth Meters
1 9 6 5
6/12 6/22 - 7/6 7/20 8/3 8/17 8/31 . 9/14 10/2
Station 1
0 - 0.00 0.20 0.00 0.35 0.10 0.10 0.00 0 . 0 0
1 - 0 . 0 0 0.00 0.00 0.35 0.00 0.10 0.00 0.10
2 - 0.00 0.00 0.00 0.35 0.10 0.10 0.50 0.10
3 - 0.00 0.00 0.00 0 . 2 0 0.10 0.10 0.10 0 . 1 0
4 - 0.00 0.20 0.00 0 . 2 0 0.00 0.10 0 . 1 0 0 . 0 0
5 - 0.00 0.40 0.00 0.20 0 . 2 0 0.10 0 . 2 0 0 . 1 0
6 - 0.00 0.40 0 . 0 0 0 . 2 0 0 . 2 0 0 . 2 0 0.35 0 . 0 0
7 - 0.00 0 . 0 0 0 . 0 0 0.35 0 . 0 0 0.10 0 . 1 0 0 . 0 0
8 - 0 . 0 0 0.00 0 . 0 0 0.35 0 . 0 0 0.10 0 . 0 0 0.00
13 - 0.00 0.00 0 . 0 0 0.35 0 . 0 0 0.10 0.10 0.00
18 - 0.00 0.00 0.00 0 . 2 0 0.00 0.20 0.20 0.00
23 - 0 . 0 0 0 . 2 0 0.00 0 . 2 0 0.10 0 . 2 0 0 . 1 0 0 . 1 0
28 - 0.00 0 . 2 0 0.00 0.35 0 . 0 0 0 . 2 0 0.35 0.20
Station 2 - - 0.00 0 . 0 0 0 . 2 0 0 . 0 0 0.10 0 . 0 0 0 . 0 0
Station 3 - - - - - - - 0 . 0 0 0 . 0 0
Station 4 - - - - - - - 0.20 0 . 1 0
- Sample not collected
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Table XII. Calcium concentrations (meq/l) in Quake Lake, 
flame analysis.
1 9 6 5
Depth Meters 6/l2 6/22 7/6 7/20 8/3 8/17 8/31 9/14 10/2
Station 1
0 - - 0.25 0.29 0.36 0.39 0.39 - -
1 - - 0.25 0.29 0.35 0.43 0.36 - -
2 - - 0.25 0.29 0.37 0.44 0.37 - -
3 - - 0.25 0.29 0.35 0.46 0.37 - -
4 - - 0.25 0.29 0.37 0.44 0.37 - -
5 - - 0.25 0.29 0.37 0.45 0.39 - -
6 - - 0.25 0.29 0.36 0.43 0.37 - -
7 - - 0.25 0.29 0.36 0.44 0.39 - -
8 - - 0.25 0.30 0.39 0.45 0.39 - -
13 - - 0.31 0.32 0.36 0.42 0.38 - -
18 - - 0.35 0.37 0.44 0.49 0.42 - -
23 - - 0.31 0.37 0.46 0.47 0.42 - -
28 - - 0.27 0.35 0.44 0.47 0.42 - -
Station .2 - - 0.57 0.37 0.48 0.60 0.52 - -
Station 3 - - - - - - - - -
Station 4 - - - - - - - - -
Sample not collected
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Table XIII. Calcium concentrations (meq/l) in Quake Lake, 
titration.
Deoth Meters
1 9 6 5
6 / 1 2 6 / 2 2 7/6 7/20 _ 8/3 .8/17 8/31 9/14 1 0 / 2
Station 1
0 - 0.64 0.64 0.60 0.64 0.61 0 . 6 8 0.72 -
1 - 0.60 0.64 0.58 0.64 0.60 0.70 0.72 -
2 - 0.64 0.62 0.58 0.62 0.62 0.68 - -
3 - 0.60 0.60 0.58 0.64 0.64 0.68 0.72 -
4 - 0.62 0.62 0.62 0.64 0.68 0 . 6 8 0.73 -
5 - 0.70 0.64 0.58 0.67 0.65 0.68 0.74 -
6 - 0.58 0.60 0.58 0.66 0.72 0.69 0.71 -
7 - 0.60 0.62 0.60 0.67 0.48 0.67 0.76 -
8 - 0.66 0.66 0.58 0.65 0 . 6 8 0.66 0.75 -
13 - 0.64 0.66 0.62 0.66 0.61 0.66 0.72 -
18 - 0.64 0.74 0.70 0.77 0.62 0.70 0.76 -
23 - 0.74 0.78 0.78 0.77 0.81 0.74 0.75 -
28 - 0.60 0.76 0.70 0.78 0.72 0.72 0.73 -
Station 2 - - 0.90 0.70 0,81 0.84 0.88 0.88 -
Station 3 - - - - - - - 4.59 -
Station 4 - - - - - - - 0.69 -
- Sample not collected
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Table XIV. Chloride concentrations (mg/l) in Quake Lake.
Depth
Meters
L 9 6 5
6/12 6 / 2 2 7/6 7/20 8/3 8/l7 8/31 9/14 1 0 / 2
Station 1
0 - 19.50 22.50 2 2 . 0 0 20.50 15.40 13.20 14.50 -
1 - 20.50 25.00 21.50 19.00 14.65 14.40 13.60 -
2 - 20.50 22.50 20.50 18.50 14.30 13.50 - -
3 - 19.00 25.00 2 2 . 0 0 18.00 14.60 13.75 11.65 -
4 - 21.00 23.50 21.00 19.00 13.40 13.00 13.85 -
5 - 2 0 . 0 0 22.50 19.00 18.00 15.40 13.20 14.15 -
6 - 20.50 20.00 18.50 19.50 15.40 13.10 14.00 -
7 - 20.50 20.00 19.50 16.50 13.05 13.10 14.20 -
8 - 19.50 19.00 18.00 16.00 12.20 13.35 14.30 -
13 - 21.00 18.00 17.00 12.50 11.10 14.00 17.85 -
18 - 27.00 23.00 24.00 21.00 18.10 14.20 17.10 -
23 - 32.00 33.00 32.00 28.00 22.35 22.70 22.15 -
28 - 34.50 37.00 26.50 31.00 24.05 25.10 23.30 -
Station 2 - - 2 0 . 0 0 21.00 19.00 15.70 16.25 16.60 -
Station 3 - - - - - - - 1.85 -
Station 4 - - - - - - - 17.70 -
- Sample not collected
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Table XV. Fluoride concentrations (mg/l) in Quake Lake.
De pth 
Meters
1 9 6 5
6/12 6/22 6/29 7 / 6 7 / 2 0 8/3 8/17 8/31 9/14 1 0 / 2
Station 1
0 - - 0.45 2.40 2.50 4.30 2.75 2.30 2.50 2.50
1 - - 0.45 2.25 2.85 3.05 2.75 2.30 2.30 2.50
2 - - 0.45 2.40 2.40 2.30 2.50 2.20 - 2.60
3 - - 0.52 2.40 2.40 2.65 2.50 2.20 2.00 2.60
4 - - 0.48 2.25 2.50 2.80 2.65 2.30 2.05 2.60
5 - - 0.48 2.25 2.40 2.50 2.75 2.30 1.65 2.60
6 - - 0.48 2.05 2.40 3.05 2.75 2.30 2.15 2.65
7 - - 1.78 1.90 2.20 2.50 2.60 2.30 2.15 2.60
8 - - - 1.90 2.10 2.50 2.45 2.30 2.40 2.75
13 - - - 1.70 1.50 2.30 2 . 2 0 2.15 2.25 2.30
18 - - - 2.60 2.45 3.30 3.15 2.90 2.75 2.30
23 - - - 4.00 3.45 4.15 3.35 3.15 3.00 2.75
28 - - - 4.00 2.80 4.75 3.65 3.45 3.10 3.00
Station 2 - - 0.45 1.90 2.55 3.05 2.80 2.75 2.55 2.85
Station 3 - - - - - - - - .80 0.75
Station 4 - - - - - - - - 2.65 2.85
Sample not collected
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Table XVI. Iron concentrations (mg/l) in Quake Lake,
Deoth Meters
1 9 6. 5
6/12 6/22 7/6 7/20 8/3 _ 8/17 8/31 9/14 10/2
Station 1
0 0.12 0.13 0.12 0.08 0.08 0.08 0.08 0.08 0.12
1 0.13 0.12 0.10 0.12 0.08 0.08 0.08 0.08 0.12
2 0.12 0.13 0.10 0.10 0.08 0.08 0.08 - 0.12
3 0.10 0.13 0.10 0.08 0.08 0,18 0.08 0.06 0.10
4 0.12 0.13 0.08 0.08 0.08 0.08 0.08 0,08 0.10
5 0.27 0.12 0.10 0.10 0.08 0.08 0.08 0.03 0.10
6 0.02 0.12 0.13 0.08 0.10 0.08 0.06 0.06 0.08
7 0.06 0.16 0.20 0.10 0.08 0.10 0.06 0.08 0.10
8 0.27 0.10 0.12 0.10 0.06 0.12 0.06 0.06 0.10
13 0.12 0.13 0.10 0.08 0.06 0.06 0.06 0.03 0.10
18 0.12 0.13 0.13 0.12 0.10 0.08 0.06 0.08 0.12
23 0.12 0.12 0.10 0.12 0.10 0.10 0.08 0.03 0.10
28 0.12 0.13 0.10 0.12 0.08 0.10 0.08 0.03 0.08
Station 2 - - 0.10 0.10 0.08 0.08 0.08 0.03 0.08
Station 3 - - - - - - - 0.02 0.03
Station 4 - - - - - - - 0.03 0.08
- Sample not collected
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Table XVII. Light (microamps) profile in Quake Lake. Summer 1965
Station 1. Total is without filter. Colors indicate
the use of a filter.
Date
Depth
Meters Total Blue Green Red
5/22 0 165.0 2.0 4.0 13.0
1 70.0 0.5 1.0 5.0
2 30.0 0.2 0.4 2.4
3 15.0 0.3 1.0
4 4.5 0.5
5 2.3 0.1
6 1.2
5/29 0 900.0 12.5 124.0 3.4
1 350.0 3.2 50.0 9.0
2 150.0 1.2 26.0 4.5
3 70.0 0.6 16.0 3.4
4 45.0 0.5 5.4 2.4
5 25.0 0.5 3.0 0.7
6 14.0 0.5 1.5
7 4.4
6/ 5 0 400.0 7.4 54.0 10.0
1 115.0 1.3 24.0 4.0
2 50.0 0.5 4.5 1 .7
3 24.0 2.5 1.0
4 13.0 1.5 0.8
5 2.7 0.8
6/12 0 1600.0 15.0 200.0 75.0
1 100.0 0.4 24.0 7.2
2 10.5 1.0 1.0
6/22 0 2000.0 50.0 400.0 65.0
1 1070.0 15.0 200.0 20.0
2 360.0 1.2 25.0 5.0
3 155.0 0.1 ■ 5.0 2.0
4 60.0 1.8 0.9
5 7.0 0.6
6/29 0 3400.0 35.0 250.0 48.0
1 2040.0 6.0 115.0 36.0
2 350.0 1.5 48.0 10.0
3 200.0 0.5 22.0 4.8
4 65.0 5.4 2.4
5 34.0 2.4 1.36 8.6 1.0 0.8
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Table XVII. Light (microamps) profile in Quake Lake. Summer 1965
Station 1. Total is without filter. Colors indicate
the use of a filter. (Cont’d)
Date
Depth
Meters Total Blue Green Red
7/ 6 0 2800.0 50.0 400.0 115.0
1 1050.0 7.0 145.0 56.0
2 530.0 2.0 66.0 17.0
3 250.0 0.7 38.0 8.1
4 106.0 11.5 4.0
5 45.0 5.5 1.8
6 14.9 2.5 0.9
7/13 0 1000.0 6.3 23.5 5.5
1 840.0 1.7 11.5 2.3
2 350.0 0.6 6 .0 1.2
3 135.0 3.0 0.6
4 70.0 1 .7
5 38.0 0.6
6 12.4
7 6.4
7/20 0 95.0 2.4 15.0 4.5
1 70.0 1.0 8.0 2.4
2 45.0 0.4 4.0 1.4
3 12.6 2.2 1.0
4 8.0 1.3 0.6
5 4.5 0.6
6 2.6
7 1.4
8 1.1
9 0.7
7/27 0 400.0 9.2 80.0 11.9
1 200.0 2.2 39.0 6.1
2 115.0 0.6 20.0 3.5
3 68.0 11.0 2.0
4 34.0 3.5 1.4
5 13.5 2.0 0.9
6 7.7 1.3
7 4.6 0.6
8 2.6
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Table XVII. Light (microamps) profile in Quake Lake. Summer 1965
Station 1. Total is without filter. Colors indicate
the use of a filter. (Cont'd)
Date
Depth
Meters Total Blue Green Red
8/ 3 0 1700.0 10.5 74.0 18.6
1 1100.0 2.7 37.0 6.4
2 650.0 1.0 13.0 3.7
3 360.0 0.5 7.5 2.1
4 174.0 4.5 1.4
5 80.0 2.4 0.8
6 45.0 1.3
7 16.6 0.9
8/10 0 55.0 0.8 8.9 2.5
1 22.0 2.5 1.0
2 8.1 1.9
3 5.2 1.5
4 3.2 0.8
5 1.9
6 1.2
7 0.7
8/17 0 6000.0 40.0 111.0 60.0
1 1230.0 10.5 170.0 58.0
2 620.0 2.5 85.0 28.0
3 350.0 0.6 52.0 10.5
4 172.0 30.0 6.0
5 110.0 13.5 3.4
6 66.0 8.0 1.8
7 24.5 5.0 0.9
8/24 0 1400.0 2.5 16.5 4.9
1 550.0 0.2 6.4 1.5
2 350.0 4.6 0.9
3 16.5 3.2
4 12.0 2.1
5 17.8 1.3
6 4.5 0.6
8/31 0 1050.0 15.5 190.0 70.0
1 650.0 11.5 175,0 64.0
2 450.0 4.0 130.0 38.0
3 250.0 1.9 80.0 10.4
4 143.0 1.0 44.0 5.6
5 103.0 0.5 25.0 3.2
6 64.0 10.6 1.8
7 38.0 7.0 1.2
8 16.0 4.4 0.8
9 10.5 3.0
10 7.0 2.0
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Table XVII. Light (microamps) profile in Quake Lake. Summer 1965
Station 1. Total is without filter. Colors indicate
the use of a filter. (Cont'd)
Depth
Date leters Total Blue Green Red
0 16.5 0.0 1.3 0.0
1 7.4 0.2
2 3.9
3 1.8
4 0.9
0 800.0 40.0 225.0 70.0
1 650.0 8.0 65.0 20.0
2 400.0 3.2 50.0 8.5
3 260.0 1.5 36.0 5.3
4 184.0 26.0 3.6
5 140.0 11.5 2.0
6 85.0 7.6 1.3
7 60.0 6.0 0.7
8 40.0 3.8
9 25.0 2.6
10 12.0 1.7
11 8.5 1.1
12 5.5 0.6
0 1600.0 44.0 68.0
1 630.0 6.2 23.0
2 380.0 3.4 9.1
3 260.0 1.7 5.6
4 176.0 1.0 3.6
5 124.0 2.4
6 75.0 1.5
7 55.0 1.0
8 36.0
9 26.0
10 11.4
0 5200.0 30.0 500.0
1 1600.0 23.0 60.0
2 850.0 6.0 36.0
3 550.0 2.6 14.0
4 350.0 1.4 7.6
5 192.0 0.9 4.2
6 120.0 2.2
7 75.0 1.4
8 50.0 0.6
9 30.0
10 11.4
9/ 7
9/14
9/20
10/ 2
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Table XVIII. Magnesium concentration 
Titration.
(meq/l) in Quake Lake.
1 9 6 5
Deoth Meters 6/12 6/22 7/6 7/20 8/3 8/17 8/31 9/14 iO/2
Station 1
0 - 0.20 0.20 0.22 0.12 0.20 0.22 0.36 -
1 - 0.24 0.22 0.20 0.11 0.24 0.18 0.13 -
2 - 0.20 0.30 0.22 0.15 0.14 0.20 - -
3 - 0.24 0.28 0.26 0.10 0.13 0.16 0.22 -
4 - 0.26 0.26 0.18 0.14 0.25 0.20 0.27 -
5 - 0.20 0.34 0.30 0.07 0.32 0.20 0.26 -
6 - 0.20 0.24 0.22 0.10 0.00 0.19 0.25 -
7 - 0.28 0.24 0.20 0.09 0.30 0.21 0.16 -
8 - 0.20 0.16 0.20 0.15 0.13 0.17 0.25 -
13 - 0.26 0.24 0.24 0.12 0.25 0.18 0.28 -
18 - 0.46 0.24 0.34 0.16 0.24 0.19 0.23 -
23 - 0.46 0.24 0.32 0.18 0.04 0.18 0.22 -
28 - 0.20 0.26 0.24 0.38 0.21 0.20 0.23 -
Station 2 - - 0.32 0.30 - 0 . 2 1 0.26 0.22 -
Station 3 - - - - - - - 1.54 -
Station 4 - - - - - - - 0.16 -
- Sample not collected
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Table XIX. Manganese concentration (mg/l) in Quake Lake.
Deoth Meters
1 9 6 5
6/12 6/22 7/6 7/20 8/3 8/17 8/31 9/14 10/2
Station 1
0 0.20 0.25 0.46 0.20 0.30 0.20 0.13 0.38 0.30
1 0.20 0.20 0.35 0.35 0.30 0.09 0.05 0.40 0.20
2 0.09 0.30 0.40 0.25 0.30 0.25 0.05 - 0.13
3 0.20 0.25 0.20 0.09 0.09 0.25 0.09 0.35 0.13
4 0.20 0.13 0.25 0.20 0.30 0.30 0.05 0.58 0.20
5 0.25 0.30 0.20 0.13 0.40 0.30 0.00 0.20 0.20
6 0.25 0.25 0.40 0.25 0.20 0.25 0.00 0.25 0.20
7 0.25 0.20 0.30 0.13 0.20 0.30 0.00 0.35 0.20
8 0.20 0.20 0.40 0.13 0.25 0.28 0.05 0.25 0.25
13 0.20 0.25 0.30 0.13 0.30 0.35 0.09 0.40 0.20
18 0.13 0.13 0.40 0.30 0.13 0.46 0.00 0.25 0.20
23 0.20 0.20 0.30 0.25 0.13 1.05 0.00 0.35 0.20
28 0.20 0.25 0.46 0.25 0.13 1.00 0.00 0.20 0.40
Station 2 - - 0.13 0.25 0.20 0.90 0.00 0.25 0.20
Station 3 - - - - - - - 0.20 0.20
Station 4 - - - - - - - 0.25 0.20
- Sample not collected
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Table XX, Nitrate concentrations (ppb) in Quake Lake.
Depth
Meters
1 9_ 6 5
6/12 6/22 6/29 7/6 . 7/13 7/20 7/27 8/3
Station 1
0 50.0 21.0 3.2 7.0 7.5 7.0 15.0 3.0
1 23.0 11.0 0.8 9.5 7.5 1.1 14.0 3.0
2 29.0 20.0 0.8 5.1 7.5 1 .1 13.0 3.0
3 42.0 8.4 0.8 5.1 7.5 3.0 15.0 6.9
4 50.0 18.0 1.0 5.1 7.5 3.0 19.0 14.0
5 57.0 19.0 1.0 3.1 9.5 17.0 19.0 24.0
6 72.0 15.0 1.0 17.0 9.5 22.0 18.0 26.0
7 26.0 8.8 3.2 18.0 9.5 23.0 22.0 31.0
8 29.0 21.0 3.2 18.0 9.5 26.0 26.0 40.0
13 13.0 3.0 - 26.0 - 43.0 - 59.0
18 42.0 44.0 - 60.0 - 80.0 - 100.0
23 42.0 46.0 - 72.0 - 100.0 - 100.0
28 31.0 30.0 - 77.0 - 82.0 - 100.0
Station 2 - - 3.2 11.0 4.1 8.4 19.0 72.0
Station 3 - - - - - - - -
Station 4 - - - - - - - -
- Sample not collected
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Table XX. Nitrate concentration (ppb) in Quake Lake. (Cont'd)
Depth 1 9 6 5
Meters 8/10 8/17 8/24 8/31 9/7 9/14 9/20 10/2
Station 1
0 14.0 11.0 5.2 40.0 29.0 39.0 58.0 30.0
1 5.1 6.9 11.0 40.0 29.0 40.0 50.0 31.0
2 2.4 6.9 5.2 40.0 27.0 - 51.0 34.0
3 2.6 6.9 7.0 40.0 27.0 43.0 55.0 30.0
4 4.9 11.0 3.0 40.0 26.0 40.0 54.0 28.0
5 5.5 8.8 49.0 34.0 26.0 43.0 53.0 28.0
6 29.0 11.0 51.0 37.0 27.0 43.0 54.0 25.0
7 38.0 39.0 63.0 40.0 27.0 40.0 54.0 26.0
8 52.0 40.0 63.0 43.0 26.0 37.0 54.0 26.0
13 - 57.0 - 9.0 - 77.0 - 35.0
18 - 100.0 - 100.0 - 100.0 - 45.0
23 - 100.0 - 100.0 - 100.0 - 100.0
28 - 100.0 - 100.0 - 100.0 - 100.0
Station 2 - 45.0 23.0 29.0 34.0 18.0 29.0 18.0
Station 3 - - - - - 0.8 7.5 1.0
Station 4 - - - - - 19.0 - 12.0
- Sample not collected
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Table XXI. Oxygen concentration (mg/l) in Quake Lake.
Depth 1 9 6 5
Meters 5 / 2 2 5/29 6 / 5 6/12 6/22 6 / 2 9 7/6 7/13 7/20 7/27
Station 1 
0 10.60 10.30 9.29 8.78 8.66 7.65 8.67 7.87 7.88 8.00
1 10.30 10.20 9.21 8.92 8.66 8.63 8.54 7.89 8.26 8.10
2 10.45 9.65 9.29 8.82 8.56 8.51 8.52 7.95 8.51 8.00
3 9.61 9.35 9.20 8.80 8.53 8.49 8.58 7.83 8.40 8.00
4 10.40 10.00 9.19 * 8.20 8.44 8.44 7.97 8.30 8.00
5 10.40 9.95 9.16 8.58 8.20 8.30 8.48 8.02 8.13 8.00
6 10.40 9.50 9.20 8.60 7.94 8.44 8.42 7.90 8.15 8.00
7 10.30 9.40 9.21 8.54 8.30 8.39 8.41 7.98 8.02 7.85
8 10.40 9.11 8.87 8.64 8.38 8.36 7.53 8.00 8.00 7.72
13 - 9.26 - 7.00 8.02 - 8.50 - 7.96 -
18 - 9.60 - 7.78 7.54 - 7.88 - 7.21 -
23 - 9.32 - 7.68 7.29 - 7.02 - 6.70 -
28 - 8.78 - 7.85 7.33 - 7.02 - 7.00 -
* Sample lost 
- Sample not collected
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Table XXI. Oxygen concentration (mg/l) in Quake Lake. (Cont'd)
Depth
Meters 8/3 8/10 8/17 8/24 8/31 9/7 9/14 9/20 10/2
Station 1
0 8.33 8.17 7.60 7.41 7.56 7.77 7.60 7.85
1 8.26 8.21 8.12 7.56 7.56 7.82 7.67 7.85 -
2 8.29 8.20 7.80 7.66 7.56 7.88 7.74 7.84 -
3 8.32 8.24 7.97 7.70 7.60 8.01 7.65 7.86 -
4 8.08 8.26 7.73 7.63 7.71 7.84 7.74 7.85 -
5 7.90 7.81 7.75 6.20 7.59 7.82 7.78 7.83 -
6 7.82 7.20 7.67 6.21 7.64 7.78 7.61 7.79 -
7 7.58 7.06 6.89 6.04 7.60 7.86 7.70 7.81 -
8 7.20 6.95 6.77 5.94 7.58 7.97 7.69 7.86 -
13 7.29 - 6.95 - 6.24 - 5.80 - -
18 6.80 - 7.92 - 5.16 - 3.95 - -
23 6.35 - 5.83 - 4.82 - 3.48 - -
28 6.00 - 5.76 - 4.74 - 3.82 - -
- Sample not collected.
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Table XXII, Phosphate concentrations (mg/l) in Quake Lake.
Depth 1 9 6 5
Meters 5/22 5/29 6/5 6/12 6/22 6 / 2 9 . 7/6 7/13 7/20 7/27
Station 1 
0 0.40 0.30 0.21 0.11 1.57 0.81 0.25 0.30 0.12 0.11
1 0.40 0.35 0.16 0.12 0.57 0.50 0.11 0.30 0.12 0.11
2 0.35 0.35 0.21 0.12 0.19 0.50 0.09 0.30 0.12 0.12
3 0.35 0.40 0.16 0.12 0.16 0.19 0.11 0.30 0.12 0.12
4 0.30 0.35 0.11 0.14 0.16 0.19 0.11 0.30 0.12 0.16
5 0.35 0.45 0.12 0.14 0.17 0.25 0.26 0.30 0.12 0.19
6 0.30 0.40 0.14 0.14 0.17 0.25 0.12 0.30 0.12 0.06
7 0.40 0.40 0.14 0.14 0.16 0.16 0.09 0.30 0.12 0.12
8 0.40 0.45 0.14 0.12 0.09 0.14 0.11 0.30 0.09 0.11
13 - 0.50 - 0.19 0.16 - 0.11 - 0.11 -
18 - 0.40 - 0.25 0.17 - 0.16 - 0.16 -
23 - 0.45 - 0.28 0.25 - 0.21 - 0.21 -
28 - 0.50 - 0.30 0.26 - 0.25 - 0.19 -
Station 2 - - - - - 0.19 0.12 0.30 0.12 0.12
Station 3 - - - - - - - - - -
Station 4 - - - - - - - - - -
- Sample not collected
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Table XXII. Phosphate concentrations (mg/l) in Quake Lake. (Cont’d)
Depth
Meters
_1 9...6 5
8/3 8 / 1 0 8/17 8/24 8/31 _ 9/7 9/l4_ 9/20 10/2
Station 1
0 0.14 0.12 0.07 0.12 0.12 0.12 0.11 0.16 0.21
1 0.14 0.10 0.09 0.11 0.12 0.11 0.12 0.15 0.23
2 0.16 0.11 0.09 0.12 0.11 0.11 - 0.15 0 . 1 9
3 0.14 0.11 0.09 0.12 0.11 0.11 0.12 0.16 0.21
4 0.14 0.12 0.11 0.11 0.12 0.11 0.11 0.18 0.19
5 0.16 0.11 0.09 0.12 0.11 0.11 0.12 0.15 0.19
6 0.14 0.11 0.11 0.14 0.06 0.12 0.11 0.15 0 . 1 9
7 0.14 0.11 0.11 0.12 0.12 0.11 0.11 0.17 0.21
8 0.14 0.14 0.11 0.14 0.11 0.11 0.11 0.16 0.19
13 0.14 - 0.11 - 0.14 - 0 . 1 9 - 0.19
18 0 . 1 9 - 0.19 - 0.21 - 0.21 - 0.17
23 0.25 - 0 . 1 9 - 0.23 - 0.21 - 0.28
28 0.28 - 0.21 - 0.25 - 0.21 - 0.28
Station 2 0.16 0.14 0.11 0.11 0.14 0.16 0.12 0.18 0.21
Station 3 - - - - - - 0.04 0.21 0.02
Station 4 - - - - - - 0.16 - 0.19
- Sample not collected
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Table XXIII. pH profile in Quake Lake.
1 9 6 5
Deoth Meters 5/29 6/5 6/12 6/22 6/29 7/6 7/13 7/20 7/27
Station 1 
0 8.14 8.05 7.92 8.29 8.30 7.94
1 - - - 8.25 8.18 7.80 8.15 8.29 8.14
2 - - - 8.20 8.20 7.80 8.10 8.24 8.18
3 - - - 8.18 8.10 7.95 8.18 8.26 8.19
4 - - - 8.18 8.17 7.70 8.17 8.23 8.16
5 - - - 8.16 8.22 7.90 8.14 8.07 8.17
6 - - - 8.10 8.19 7.92 8.10 8.06 8.14
7 - - - 8.08 8.12 7.96 8.17 7.99 8.07
8 - - - 8.10 8.10 7.95 8.17 7.94 8.02
13 - - - 8.05 - 7.75 - 7.85 -
18 - - - 8.00 - 7.82 - 7.73 -
23 - - - 7.85 - 7.70 - 7.67 -
28 - - - 7.69 - 7.68 - 7.78 -
Station 2 - - - - 8.18 8.09 8.35 8.31 8.33
Station 3 - - - - - - - - -
Station 4 - - - - - - - - -
- Sample not collected
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Table XXIII. pH profile in Quake Lake. (Cont'd)
Depth Meters
1 9 6 5
8/3 8/10 8/17 8/24 8/31 9/7 9/14 . 9/20 10/2
Station 1
0 8.25 8.21 7.15 8.14 7.96 7.89 7.74 7.74 -
1 8.36 8.36 7.50 8.30 8.01 8.13 7.82 7.86 -
2 8.35 8.37 8.09 8.39 8.04 8.19 - 7.93 -
3 8.29 8.37 8.20 8.40 8.02 8.19 7.78 7.95 -
4 8.22 8.36 8.25 8.41 8.06 8.18 7.75 7.97 -
5 8.06 8.21 8.22 8.03 8.02 8.23 7.84 7.97 -
6 8.07 8.12 8.20 8.03 8.05 8.24 7.76 7.97 -
7 8.02 8.05 7.91 7.96 8.03 8.24 7.75 7.96 -
8 7.95 8.01 7.80 7.89 8.04 8.23 7.77 7.98 -
13 7.98 - 7.62 - 7.84 - 7.79 - -
18 8.02 - 7.62 - 7.78 - 7.43 - -
23 7.93 - 7.61 - 7.77 - 7.42 - -
28 7.95 - 7.54 - 7.87 - 7.54 - -
Station 2 8.40 - 8.39 8.93 8.50 8.37 8.15 8.72 -
Station 3 - - - - - - 8.53 8.60 -
Station 4 - - - - - - 8.03 - -
- Sample not collected
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Table XXIV, Potassium concentrations (meq/l) in Quake Lake, 
flame analysis.
Depth Meters
, 1 .9 6 5 ,
6/l2 6/22 7/6 7 / 2 0 8 / 3 8/l7 8/31 9/14 1 0 / 2
Station 1
0 0.10 0.14 0.09 0.08 0.09 0.09 0.09 0.11 0.12
1 0.09 0.10 0.08 0.09 0.09 0.09 0.09 0.11 0.11
2 0.14 0.11 0.09 0.09 0.08 0.09 0.08 0.11 0.10
3 0.09 0.10 0.08 0.09 0.09 0.09 0.08 0.11 0.10
4 0.10 0.10 0.08 0.09 0.09 0.10 0.08 0.11 0.10
5 0.09 0.10 0.08 0.08 0.09 0.09 0.08 0.11 0.10
6 0.09 0.10 0.08 0.08 0.08 0.09 0.08 0.11 0.10
7 0.10 0.10 0.08 0.08 0.08 0.09 0.08 0.11 0.10
8 0.15 0.11 0.07 0.08 0.07 0.09 0.08 0.11 0.10
13 0.13 0.09 0.07 0.08 0.07 0.06 0.08 0.11 0.10
18 0.15 0.13 0.09 0.10 0.09 0.10 0.10 0.15 0.10
23 0.16 0.16 0.11 0,11 0.11 0.13 0.12 0.16 0.12
28 0.18 0.17 0.13 0.10 0.12 0.14 0.13 0.17 0.12
Station 2 - - 0.08 0.09 0.08 0.10 0.09 0.13 0.11
Station 3 - - - - - - - 0.07 0.05
Station 4 - - - - - - - 0.13 0.12
- Sample not collected
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Table XXV. Silica concentrations (mg/l) in Quake Lake.
Depth Meters
1 9 6 5
6/12 6/22 7/6 7/20 8/3 8/17 8/31 9/14 10/2
Station 1
0 29.0 27.0 35.0 34.0 34.0 31.0 30.0 32.0 35.0
1 28.0 34.0 35.0 31.0 36.0 29.0 28.0 27.0 37.0
2 30.0 55.0 35.0 34.0 35.0 26.5 29.0 - 37.0
3 30.0 34.0 34.0 33.0 32.0 32.0 29.0 31.0 35.0
4 30.0 34.0 35.0 33.0 35.0 27.0 28.0 32.0 36.0
5 29.0 34.0 35.0 33.0 35.0 28.0 29.0 32.0 36.0
6 29.0 34.0 31.0 28.0 34.0 28.0 29.0 30.0 35.0
7 30.0 24.0 30.0 30.0 34.0 22.0 27.0 32.0 36.0
8 28.0 31.0 29.0 30.0 30.0 26.0 28.0 31.0 34.0
13 39.0 30.0 27.0 26.0 27.0 27.0 31.0 31.0 33.0
18 50.0 40.0 36.0 34.0 35.0 36.0 31.0 36.0 33.0
23 50.0 47.0 47.0 41.0 43.0 39.0 39.0 40.0 38.0
28 55.0 50.0 54.0 38.0 47.0 44.0 42.0 42.0 39.0
Station 2 - - 32.0 35.0 33.0 35.0 36.0 36.0 39.0
Station 3 - - - - - - - 8.0 9.5
Station 4 - - - - - - - 39.0 42.0
- Sample not collected
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Table XXVI. Specific conductance (micromhos) profile in Quake 
Lake.
De pth 1 9 6 5
Meters 5/29 6/5 6/12 6/22 6/29 . 7/6 7/13 _7/20
0 284 270 235 231 269 228 216 219
1 287 270 234 229 271 225 215 214
2 286 271 232 231 271 226 215 214
3 285 268 234 231 275 225 213 217
4 286 273 234 231 277 225 212 215
5 288 262 233 230 277 214 210 213
6 292 254 233 233 318 209 211 208
7 294 249 236 223 280 196 199 202
8 295 250 234 219 216 185 192 198
9 296 253 239 218 216 181 190 200
10 301 265 236 219 200 186 186 195
11 304 277 232 221 202 187 181 192
12 307 291 235 224 199 180 185 171
13 304 292 262 226 202 206 192 169
14 308 306 286 231 211 216 206 193
15 314 298 298 236 219 226 218 194
16 318 318 310 244 234 237 227 210
17 320 322 313 267 241 247 236 221
18 328 323 320 293 251 260 244 234
19 330 323 326 297 271 275 257 252
20 331 326 329 309 283 289 266 270
21 335 332 331 313 290 293 278 271
22 339 333 331 319 294 304 283 282
23 340 339 333 324 301 309 290 282
24 343 339 336 328 316 315 293 287
25 344 339 333 331 316 318 298 293
26 344 340 333 332 323 324 301 298
27 344 340 336 332 326 328 304 300
28 344 340 339 333 330 331 309 304
29 377 341 337 339 331 331 310 309
- 88 -
Table XXVI. Specific conductance (micromhos) profile in Quake 
Lake. (Cont’d)
De pth 1 9 6 5
Meters 7/27 8/3 8/10 8/17 8/24 8/31 ..9/7
0 212 218 219 220 218 219 223
1 214 218 219 220 213 218 208
2 218 218 219 218 211 217 223
3 215 215 219 220 209 217 220
4 215 212 219 221 207 216 222
5 215 213 217 211 203 216 221
6 212 208 214 210 199 214 208
7 204 203 210 203 196 213 213
8 198 195 207 201 195 213 214
9 190 194 198 201 188 213 216
10 193 195 195 194 188 213 213
11 192 195 192 195 190 215 216
12 195 196 190 192 199 212 216
13 197 192 191 196 222 209 215
14 207 188 196 196 228 217 222
15 216 192 206 218 239 320 232
16 229 202 218 223 246 248 242
17 240 232 229 243 256 251 246
18 256 242 240 252 256 259 252
19 264 258 252 265 265 262 262
20 271 273 260 265 267 269 265
21 282 273 269 270 269 277 241
22 284 273 276 276 272 279 232
23 278 278 276 280 274 281 282
24 292 281 279 283 274 288 264
25 293 283 281 283 279 288 267
26 298 286 284 289 282 292 259
27 304 286 287 289 284 294 261
28 307 291 294 294 289 297 265
29 309 297 297 297 265
- Sample not collected
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Table XXVII, Sodium concentrations (neq/l) in Quake Lake, 
flame analysis.
Depth Meters
1 9 6 5
6/12 6/22 7/6 7/20 _8/3_ 8/17 8/31 9/14 10/2
Station 1
0 1.00 1.18 1.23 1.18 1.08 1.14 1.00 1.03 1.45
1 1.00 1.18 1.23 1.09 1.08 1.12 1.00 1.01 1.33
2 1.05 1.18 1.24 1.10 1.08 1.12 1.00 1.03 1.33
3 1.00 1.18 1.09 1.12 1.08 1.12 1.00 1.03 1.36
4 0.95 1.08 1.18 1.09 1.05 1.12 1.00 1.00 1.31
5 0.95 1.08 1.12 1.07 1.05 1.12 1.00 1.00 1.33
6 0.95 1.08 1.03 1.01 1.05 1.12 1.00 1.03 1.31
7 0.95 1.08 0.96 1.04 1.04 1.03 0.98 1.00 1.36
8 0.95 1.00 0.90 1.04 0.97 1.00 1.00 1.03 1.33
13 1.50 0.96 0.88 0.91 0.88 0.92 1.03 1.03 1.23
18 1.90 1.56 1.28 1.40 1.21 1.45 1.40 1.38 1.20
23 2.10 1.78 1.77 1 .77 1.48 1.68 1.66 1.52 1.58
28 2.15 1.94 1.93 1.51 1.63 1.82 1.83 1.63 1.71
Station 2 - - 1.03 1.18 1.13 1.26 1.27 1.23 1.50
Station 3 - - - - - - - 0.80 1.00
Station 4 - - - - - - - 1.21 1.50
Sample not collected
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Table XXVIII. Sulfate concentrations (mg/l) in Quake Lake
De pth 
Meters
1 9 6 5
6/12 6/22 7/6 7/20 8/3 8/17 8/31 9/14 10/2
Station 1
0 14.0 11.5 8.5 7.0 9.0 10.0 9.0 10.5 9.0
1 13.0 11.0 8.0 8.5 9.0 11.5 8.0 9.0 9.0
2 12.0 11.0 8.0 8.5 10.5 10.0 9.0 - 9.0
3 13.0 11.5 8.0 8.5 8.5 11.5 9.0 7.0 9.0
4 13.0 11.5 9.0 8.0 10.5 11.0 9.0 9.0 9.0
5 13.0 11.0 9.0 8.0 11.5 12.0 9.0 10.0 9.0
6 13.5 12.0 7.0 8.0 11.0 10.5 10.0 7.0 9.0
7 16.0 13.0 7.0 8.5 12.5 8.0 8.5 8.3 10.0
8 13.5 12.0 8.5 7.0 12.5 11.0 8.5 9.0 9.0
13 14.0 12.5 8.0 8.0 9.0 11.0 9.0 7.5 10.0
18 14.0 14.0 9.0 9.0 10.5 11.0 9.0 6.5 10.5
23 15.5 14.5 9.0 10.5 18.0 12.5 10.5 8.0 9.0
28 18.5 15.5 11.0 9.0 17.0 12.0 10.5 7.0 9.0
Station 2 - - 13.5 11.0 17.0 24.0 15.0 12.5 10.5
Station 3 - - - - - - - >150.0 >150.0
Station 4 - - - - - - - 9.0 9.0
Sample not collected
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Table XXIX. Temperature (°C) profile in Quake Lake.
Depth Meters
1 9 6 5
5/29 6/5 6/13 6/22 _ 6/29 7/6 7/13 7/20 7/27
0 9.1 10.8 7.7 13.2 14.8 16.3 14.2 15.1 17.2
1 9.1 10.8 7.6 13.4 14.3 16.0 14.2 16.0 16.8
2 9.2 10.6 7.7 12.9 14.0 15.1 14.0 16.0 16.0
3 9.2 10.2 7.9 12.8 13.5 14.3 13.7 15.5 15.5
4 9.1 9.4 7.9 12.8 12.9 13.7 13.2 15.1 15.1
5 8.6 8.9 7.9 12.8 12.8 12.8 12.8 13.5 15.1
6 7.7 7.6 7.9 12.5 12.6 12.2 12.5 13.2 15.1
7 7.3 7.1 7.5 11.7 12.2 11.7 11.7 12.5 14.0
8 7.1 7.0 7.7 10.5 12.1 11.2 11.4 12.1 12.8
9 7.0 7.0 7.6 10.2 11.7 11.0 10.4 11.4 12.8
10 6.8 7.0 7.6 10.0 11.1 10.8 10.0 11.4 12.1
11 6.0 6.8 7.6 9.4 10.5 10.4 9.1 10.8 10.8
12 6.0 6.7 7.6 9.1 10.5 10.2 8.5 10.4 10.0
13 6.6 6.6 7.7 8.5 10.8 10.0 8.2 9.4 9.1
14 6.5 6.3 6.8 8.3 10.3 9.4 7.6 8.8 8.2
15 6.3 6.0 6.3 7.9 9.2 8.5 6.8 8.2 7.0
16 5.9 5.9 6.0 7.9 8.8 7.6 6.5 7.6 6.5
17 5.9 5.5 6.0 7.0 8.1 7.6 6.0 6.5 6.3
18 5.3 5.4 5.8 6.2 7.6 7.0 5.7 6.3 5.7
19 5.3 5.3 5.7 5.8 6.5 6.5 5.4 5.7 5.7
20 5.1 5.3 5.4 5.4 6.5 6.3 4.8 5.4 5.1
21 4.9 4.9 5.1 5.5 6.1 6.0 4.7 5.1 4.8
22 4.8 4.8 5.1 5.4 6.0 6.0 4.6 4.8 4.8
23 4.7 4.8 4.8 5.2 6.0 5.7 4.6 4.8 4.8
24 4.7 4.8 4.8 5.0 5.4 5.7 4.5 4.7 4.7
25 4.6 4.8 4.8 5.1 5.4 5.7 4.5 4.6 4.7
26 4.6 4.7 4.7 4.9 5.3 5.1 4.5 4.6 4.6
27 4.6 4.7 4.8 4.9 5.4 5.1 4.5 4.6 4.5
28 4.6 4.7 4.8 4.8 5.2 5.1 4.5 4.5 4.5
29 4.6 4.6 4.7 4.9 5.1 5.1 4.4 4.5 4.5
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Table XXIX. Temperature (°C) profile in Quake Lake. (Cont’d)
Depth Meters
1 9 6 5
8/3 8/10 8/17 8/24 8/31 . 9/7 9/14 9/20. 10/2
0 16.0 15.1 16.3 12.8 13.5 12.8 11.4 9.4 9.4
1 16.0 15.1 16.3 12.8 13.5 13.2 11.4 9.7 9.4
2 16.0 15.1 16.0 12.5 13.2 12.8 11.4 9.7 9.4
3 15.1 15.1 15.5 12.1 13.2 12.5 11.7 9.7 8.8
4 14.0 15.1 14.7 11.7 13.2 12.1 11.7 9.4 9.1
5 13.5 14.3 14.3 10.8 13.2 12.5 11.4 9.4 9.1
6 13.2 13.5 13.5 10.4 13.2 12.1 11.7 9.4 9.1
7 12.5 12.8 13.2 9.7 12.8 12.1 11.4 9.7 9.1
8 11.4 12.1 12.5 8.8 12.8 12.1 11.4 9.7 9.1
9 11.0 12.1 11.4 8.5 12.8 12.1 11.4 9.7 8.8
10 10.8 11.4 10.4 7.6 12.8 12.1 11.4 9.4 9.1
11 10.0 10.8 9.7 6.5 12.5 12.1 11.4 9.1 8.5
12 8.8 9.7 8.8 6.5 11.4 11.4 10.8 9.7 8.2
13 8.2 8.8 7.6 4.8 10.8 10.8 9.4 9.4 8.5
14 7.0 7.6 7.0 4.6 8.8 8.8 9.4 9.1 8.5
15 6.8 6.8 6.5 4.5 8.2 7.6 - 8.5 8.2
16 6.3 6.0 6.3 4.5 7.0 7.0 - 7.9 8.2
17 6.0 5.7 5.1 4.4 6.8 6.5 - 7.0 8.2
18 5.4 5.1 4.8 4.3 6.3 6.5 - 6.8 8.2
19 4.8 4.8 4.6 4.2 6.0 6.0 - 6.5 7.3
20 4.7 4.7 4.5 4.2 6.0 6.0 - 6.3 6.8
21 4.6 4.6 4.5 4.1 5.7 10.8 - 6.0 6.5
22 4.6 4.5 4.5 4.1 5.4 10.8 - 6.0 5.7
23 4.6 4.5 4.5 4.1 5.4 4.8 - 5.7 5.4
24 4,5 4.5 4.5 4.1 5.1 4.8 - 5.7 4.8
25 4.5 4.5 4.5 4.0 5.1 4.6 - 5.7 5.7
26 4.5 4.4 4.3 3.9 4.8 4.6 - 5.4 5.4
27 4.4 4.3 4.3 3.9 4.8 4.5 - 5.4 5.4
28 4.4 4.3 4.3 3.9 4.7 4.5 - 5.1 5.1
29 4.3 4.2 4.7 4.5 5.1
- Sample not collected
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Table XXX. Total alkalinity (meq/l of bicarbonate) in Quake 
Lake.
Deoth Meters
1 9 6 5
5/29 6/5 .6/12 6/22 6/29 7/6 7/13 7/20 7/27
Station 1
0 1.74 1.70 1.45 1.40 1.34 1.35 1.24 1.30 1.27
1 1.68 1.70 1.55 1.42 1.30 1.35 1.29 1.30 1.29
2 1.76 1.70 1.51 1.40 1.38 1.40 1.26 1.30 1.30
3 1.74 1.70 1.43 1.38 1.32 1.31 1.24 1.35 1.35
4 1.78 1.70 1.46 1.42 1.40 1.30 1.24 1.33 1.32
5 1.71 1.80 2.90 1.38 1.35 1.29 1.26 1.30 1.38
6 1.83 1.75 1.48 1.42 1.35 1.29 1.24 1.22 1.35
7 1.76 1.75 1.50 1.30 1.32 1.21 1.26 1.20 1.35
8 1.29 1.70 1.48 1.34 1.36 1.29 1.30 1.20 1.30
13 2.39 - 1.77 1.40 - 1.29 - 1.30 -
18 2.34 - 1.93 1.73 - 1.52 - 1.55 -
23 2.41 - 2.00 1.85 - 1.81 - 1.80 -
28 1.40 - 2.00 1.99 - 1.89 - 1.55 -
Station 2 - - - - 1.42 1.41 1.39 1.40 1.50
Station 3 - - - - - - - - -
Station 4 - - - - - - - - -
- Sample not collected
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Table XXX. Total alkalinity (meq/l of bicarbonate) in Quake 
Lake. (Cont'd)
Deoth Meters
1 9 6 5
8 / 3 8 / 1 0 8/17 8/24 8/31 9 / 7 9/14 9 / 2 0 1 0 / 2
Station 1
0 1.31 1.31 1.31 1.37 1.37 1.35 1 . 4 9 1 . 7 9 -
1 1 . 2 9 1,39 1.39 1.41 1.33 1.43 1.50 1.59 -
2 • 1.27 1.35 1.30 1.32 1.39 1.42 - 1.57 -
3 1.32 1.35 1 . 2 9 1.40 1.40 1.50 1.55 1.53 -
4 1.26 1.31 1.46 1.40 1.40 1.54 1.51 1.66 -
5 1.30 1.34 1.35 1.30 1.37 1.40 1.50 1.57 -
6 1.32 1.35 1.40 1.38 1.37 1.46 1.44 1.60 -
7 1.24 1.27 1.38 1.32 1.36 1.39 1.50 1.51 -
8 1 . 2 9 1.30 1.32 1.30 1.37 1.41 1.50 1.51 -
13 1.10 - 1.25 - 1.38 - 1.68 - -
18 1.51 - 1.65 - 1.61 - 1.79 - -
23 1.70 - 1.80 - 1.74 - 1.88 - -
28 1.88 - 1.85 - 1.81 - 1.83 - -
Station 2 1.40 - 1.65 1.71 1.59 1.60 1.82 1.70 -
Station 3 - - - - - - 3.00 3.41 -
Station 4 - - - - - - 1.51 - -
Sample not collected
LITERATURE CITED
American Public Health Association. 1965, Standard methods for the
examination of water and wastewater, 12th ed. APHA., New York,
769 pages,
Barnes, H, 1 9 5 9 c  Apparatus and methods of oceanography. Interscience 
Publishers, Inc,, New York, 3 4 1  pages,
Christopherson, Edmund* 1960* The night the mountain fell. Published 
by Edmund Christopherson, Lawton Printing Inc, 88 pages,
Crabtree, Frank E, 1962. Statistical methods for the Merchant 
Deci4Magic Calculator, Smith-Corona Marchant, Inc, 410 Park 
Avenue, New York 22, N. Y. 55 pages,
Dugdale, V, A, and R, C, Dugdale, 1962, Nitrogen metabolism in lakes. 
II. Role of nitrogen fixation in Sanctuary Lake, Pennsylvania. 
Limnol. Oceanog. 7:170-177.
Edmondson, W. T, 1956, The relation of photosynthesis by phytoplankton 
to light in lakes. Ecology. 37:161-174,
Fogg, G, E, 1965, Algal cultures and phytoplankton ecology. University 
of Wisconsin Press, Madison. 126 pages.
Forti, Giorgio. 1965. Light energy utilization in photosynthesis
p. 17-35. In C . R. Goldman (ed*). Primary.Productivity in Aquatic 
Environments, Mem. 1st. Ital. Idrobiol,, 18 Suppl., University of 
California Press, Berkeley,
Gerloff, G, C ,, and Skoog, F , 1954. Cell contents of nitrogen and
phosphorus as a measure of their availability for growth of 
Microcystis aeruginosa * Ecology. 35:348-353.
Gerloff, G. C* and Skoog, F. 1957. Nitrogen as a limiting factor for 
the growth of Microcystis aeruginosa in southern Wisconsin lakes. 
Ecology. 38:556-561*
Hall, D. Jo 1964. An experimental approach to the dynamics of a 
natural population of Daphnia galeata mendotae* Ecology.
45:94-112*
Hutchinson, G* E* 1957. A treatise on limnology. I* Geography physics, 
and chemistry, John Wiley and Sons, Inc., New York, 1015 pages.
Hutchinson, G. E, 1967. A treatise on limnology, II. Introduction to 
lake biology and the limnoplankton, John Wiley and Sons. Inc.,
New York. 1115 pages.
- 96 -
Lewin, R. A. 1962. Physiology and biochemistry of algae. Academic 
Press. New York. 929 pages.
Lund, J. C. W. 1 9 5 0 c  Studies on Asterionella formosa. Hass. II. 
Nutrient depletion and the spring maximum. J. Ecol. 3 8 : 1 - 1 4 ,
15-35.
Lund, Jo C. W., F. J. H. Mackereth and C. H. Mortimer. 1963, Changes 
in depth and time of certain chemical and physical conditions and 
of the standing crop of Asterionella formosa. Hass, in the north 
basin of Windermere in 1947. Phil. Trans. Roy. Soc., B. 
246:255-290.
Martin, Danny B. 1967. Limnological studies on Hebgen Lake, Montana. 
Unpublished Ph.D. Dissertation, Montana State University.
Meyers, J, 1962. Laboratory cultures, p. 603-615. In Physiology 
and Biochemistry of Algae, ed. R. A. Lewin. Academic Press.
New York. 929 pages.
Odum, H. T., W. McConnel and W. Abbott. 1958. The chlorophyll "a" of 
communities. Publ. Inst. Mar. Sci. Texas. 5:65-96.
Pearsall, W. H. 1932. Phytoplankton in English Lakes, 2. The 
composition of the phytoplankton in relation to dissolved 
substances. J. Ecol. 20:241-262.
Provasoli, L. and I. J. Pinter. I960. Artificial media for 
fresh-water algae: problems and suggestions, p. 84-96.
In C. A. Tryton, Jr. and R. T. Hartman (ed.) The Ecology of Algae. 
Pymatuning Symposia in Ecology publication #2. University of 
Pittsburg. 96 pages.
Richards, F, A, and T. G. Thomspson. 1952. The estimation and
characterization of plankton populations by pigment analysis. II.
A spectrophotometric method for the estimation of plankton pigments 
J. Mar. Res. 11:156-172.
Ross, C. P., D. A. Andrews, and T. J. Witkind. 1955. Geologic map of 
Montana. Montana Bureau of Mines and Geology.
Ryther, J. H. 1956. The measurement of primary production. Limnol. 
Oceanog. 1:72-84.
Simpson, George Gaylord, Anne Roe and Richard C. Lewontin. 1960. 
Quantitive Zoology. Harcourt, Brace and Company. New York.
440 pages.
- 97 -
Smith, G. M. 1950. The fresh water algae of the United States, McGraw- 
Hill Book Company, Inc., New York. 719 pages.
Snedecor, George W. 1950. Statistical methods. The Iowa State College 
Press. Ames, Iowa. 485 pages.
Verduin, Jacobs. 1964. Principles of primary productivity: Photo­
synthesis under completely natural conditions, p. 221-238. In 
D. F. Jackson (ed.) Algae and Man. NATO Advanced Study Institute- 
Plenum Press. New York. 434 pages.
Wright, J. C. 1959. Limnology of Canyon Ferry Reservoir: II.
Phytoplankton standing crop and primary production. Limnol.
Oceanog. 4:235-245.
Wright, J. C. 1960. The limnology of Canyon Ferry Reservoir: III,
Some observations on the density dependence of photosynthesis and 
its cause. Limnol. Oceanog. 5:256-361.
Wright, J. C. 1965. The population dynamics and production of Daphnia
in Canyon Ferry Reservoir, Montana. Limnol. Oceanog. 10:583-590.
